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RECOMBINANT CORYNEBACTERIUM
HAVING 1,3-PDO PRODUCTIVITY AND
REDUCED 3-HP PRODUCTIVITY, AND
METHOD FOR PRODUCING 1,3-PDO BY
USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national phase under the pro-
visions of 35 U.S.C. § 371 of International Patent Applica-
tion No. PCT/KR19/04961 filed Apr. 24, 2019, which in turn
claims priority under 35 U.S.C. § 119 of Korean Patent
Application No. 10-2018-0058952 filed May 24, 2018. The
disclosures of such international patent application and
Korean priority patent application are hereby incorporated
herein by reference in their respective entireties, for all
purposes.

REFERENCE TO SEQUENCE LISTING
SUBMITTED VIA EFS-WEB

This application includes an electronically submitted
sequence listing in .txt format. The .xt file contains a
sequence listing entitled “537_SeqListing ST25.txt” cre-
ated on Nov. 16, 2020 and is 54,316 bytes in size. The
sequence listing contained in this .txt file is part of the
specification and is hereby incorporated by reference herein
in its entirety.

TECHNICAL FIELD

The present invention relates to a recombinant Coryne-
bacterium having 1,3-PDO (1,3-propanediol) production
ability and reduced (inhibited) 3-HP production ability, and
a method for producing 1,3-PDO using the same, and more
particularly, to a mutant microorganism having deleted or
attenuated 3-HP production ability and producing 1,3-PDO
from glycerol, wherein the mutant microorganism is pro-
duced by introducing a gene encoding a glycerol facilitator,
a gene encoding glycerol kinase, a gene encoding glycerol
dehydrogenase, a gene encoding glycerol dehydratase, a
gene encoding glycerol reactivase and a gene encoding
1,3-PDO oxidoreductase into Corynebacterium glutamicum,
and deleting or attenuating a gene encoding aldehyde dehy-
drogenase from the Corynebacterium glutamicum.

BACKGROUND ART

1,3-propanediol (1,3-PDO) is a chemical substance used
as a monomer for the synthesis of polymers such as
polyether, polyurethane and polytrimethylene terephthalate
(PTT). Conventional methods mainly used for producing
1,3-PDO are chemical synthesis methods, and hydration of
acrolein, hydroformylation of ethylene oxide in the presence
of phosphine, or enzymatic conversion of glycerol may be
used. These chemical production methods have limitations
because they include high-cost and environmentally hazard-
ous production processes (Lee et al., Renewable and Sus-
tainable Energy Reviews, 42 (Supplement C): 963-972; U.S.
Pat. No. 8,236,994 B2).

A biological method of producing 1,3-PDO using micro-
organisms is mainly performed using microorganisms such
as Klebsiella, Clostridia, Enterobacter, Citrobacter, and
Lactobacilli. In all of these methods, glycerol is directly
converted to 1,3-PDO through two successive metabolic
pathways of converting glycerol to 3-hydroxyproprionalde-
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hyde (3-HPA) using glycerol dehydratase and then reducing
the 3-HPA to 1,3-PDO using 1,3-PDO oxidoreductase (FI1G.
1). DuPont Inc. has already successfully commercialized
1,3-PDO by introducing the metabolic pathway into E. coli.
However, there are disadvantages in which most microor-
ganisms including Escherichia coli used for biosynthesis of
1,3-PDO are produced along with various byproducts, such
as formate, acetate, lactate, ethanol, and 2,3-butanediol.

Corynebacterium glutamicum is a Gram-positive anaero-
bic bacterium which is widely used in fermentation pro-
cesses for amino acid production. In addition, in order to
produce various kinds of chemical substances and fuels
using Coryrebacterium glutamicum, a great deal of meta-
bolic engineering research has been performed with the goal
of realizing consumption of various types of carbon sources
such as glucose and xylose, but there are few studies on the
production of 1,3-PDO, and studies have reported simulta-
neous production of glutamic acid by promoting cell growth
with glucose and producing 1,3-PDO with glycerol using
glucose and glycerol as carbon sources in Corynebacterium
glutamicum (Huang et al., Scientific Reports, 7: 42246,
2017).

However, 3-hydroxypropionaldehyde (3-HPA), which is
an intermediate in the 1,3-PDO biosynthetic metabolic path-
way, has a toxic effect when accumulated in cells, and acts
as a precursor of 3-hydroxypropionic acid, which is one of
the byproducts of 1,3-PDO. 3-HP is converted from 3-HPA
through an aldehyde dehydrogenase enzyme, which has
already been reported in the research to produce 3-HP by
overexpressing GabD4(E209Q/E269Q)), a mutant enzyme of
GabD4, the gene encoding aldehyde dehydrogenase derived
from Cupriavidus necator, in Corynebacterium glutamicum
(Chen et al., Metabolic Engineering, 39:151, 2017). How-
ever, this is an effect caused by the overexpression of foreign
enzymes, and there is no report associated with a gene that
specifically accepts 3-HPA as a substrate, among aldehyde
dehydrogenases that are still naturally present in Coryne-
bacterium glutamicum, and that is involved in 3-HP biosyn-
thesis.

Accordingly, as a result of extensive efforts to more
efficiently produce 1,3-PDO through a biological pathway,
the present inventors have found that 3-HP production
ability was inhibited and thus 1,3-PDO was efficiently
produced when culturing Corynebacterium glutamicum that
was imparted with 1,3-PDO production ability by introduc-
ing a gene encoding glycerol dehydrogenase, a gene encod-
ing glycerol dehydratase, a gene encoding glycerol reacti-
vase and a gene encoding 1,3-PDO oxidoreductase, and at
the same time, in which 3-HPA production ability is inhib-
ited by deleting candidate aldehyde dehydrogenase genes
present in Corynebacterium glutamicum, in order to produce
a mutant Corynebacterium glutamicum having 1,3-PDO
production ability and from which 3-HP production ability
is inhibited or deleted. Based on this finding, the present
invention was completed.

DISCLOSURE

Therefore, the present invention has been made in view of
the above problems, and it is one object of the present
invention to provide a mutant Corynebacterium glutamicum
capable of efficiently producing 1,3-PDO due to inhibited
3-HP production ability.

It is another object of the present invention to provide a
method of producing 1,3-PDO by culturing the mutant
Corynebacterium glutamicum.
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In accordance with one aspect of the present invention,
the above and other objects can be accomplished by the
provision of a mutant microorganism having deleted or
attenuated 3-HP production ability and producing 1,3-PDO
from glycerol, in which (i) a gene encoding a glycerol
facilitator, (ii) a gene encoding glycerol kinase and a gene
encoding glycerol dehydrogenase, (iii) a gene encoding
glycerol dehydratase, (iv) a gene encoding glycerol reacti-
vase and (v) a gene encoding 1,3-PDO oxidoreductase are
introduced into Corynebacterium glutamicum, and a gene
encoding aldehyde dehydrogenase is deleted or attenuated
from the Corynebacterium glutamicum.

In accordance with another aspect of the present inven-
tion, there is provided a method of producing 1,3-PDO from
glycerol, including (a) culturing the mutant microorganism
in a glycerol-containing medium to produce 1,3-PDO, and
(b) collecting the produced 1,3-PDO.

DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating the overall
metabolic pathway of the mutant Corynebacterium gluta-
micum according to the present invention, including a 1,3-
PDO biosynthetic metabolic pathway, a 3-HP biosynthetic
metabolic pathway and a glycerol decomposition metabolic
pathway.

FIG. 2 shows a pCSglpFKD recombinant vector into
which glpF, glpK and glpD genes encoding the glycerol
degradation metabolic pathway are inserted.

FIG. 3 shows a pCG-9ts-ALD1 recombinant vector pro-
duced to delete the NCgl0049 gene, among 13 aldehyde
dehydrogenase candidates.

FIG. 4 shows a pEK-pdu recombinant vector produced by
inserting the pduCDEGH gene cluster encoding glycerol
dehydratase in order to construct a 3-HPA biosynthetic
metabolic pathway.

FIG. 5 shows a pEK-pduyE recombinant vector produced
by inserting the yqhD gene encoding E. coli 1,3-PDO
oxidoreductase into the pEK-pdu vector in order to construct
a 1,3-PDO biosynthetic metabolic pathway.

FIG. 6 shows the results of 3-HP production when using
glycerol as a single carbon source by introducing
pCSglpFKD and pEK-pduyE vectors into Corynebacterium
glutamicum strains from which 11 types of aldehyde dehy-
drogenase are deleted.

FIG. 7 shows the results of 1,3-PDO production when
using glycerol as a single carbon source by introducing
pCSglpFKD and pEK-pduyE vectors into Corynebacterium
glutamicum strains from which 11 aldehyde dehydrogenases
are deleted.

BEST MODE

Unless defined otherwise, all technical and scientific
terms used herein have the same meanings as appreciated by
those skilled in the field to which the present invention
pertains. In general, the nomenclature used herein is well-
known in the art and is ordinarily used.

In the present invention, a mutant Corynebacterium glu-
tamicum having increased 1,3-PDO production ability was
produced by inhibiting the production ability of 3-HP con-
verted from the same precursor as 3-HPA, which is a
precursor of 1,3-PDO, in the mutant Coryrebacterium glu-
tamicum in order to improve the 1,3-PDO vyield using the
mutant Corynebacterium glutamicum having 1,3-PDO pro-
duction ability.
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In the present invention, the mutant Corynebacterium
glutamicum having 1,3-PDO production ability was pro-
duced by introducing a gene encoding glycerol dehydroge-
nase, a gene encoding glycerol dehydratase, a gene encoding
glycerol reactivase and a gene encoding 1,3-PDO oxi-
doreductase into Corynebacterium glutamicum, which does
not naturally have 1,3-PDO production ability.

The gene encoding glycerol dehydratase, the gene encod-
ing glycerol reactivase and the gene encoding 1,3-PDO
oxidoreductase used in the present invention are Klebsiella
preumoniae-derived pduCDEGH and E. coli-derived yghD,
and the 1,3-PDO production ability was determined after
introducing the genes into Corynebacterium glutamicum.

Corynebacterium glutamicum used in the present inven-
tion is a microorganism that naturally allows for glycerol
diffusion, but does not allow for cell growth when using a
single carbon source. For this reason, Coryrebacterium
glutamicum enabling cell growth from a glycerol carbon
source was produced by introducing a gene encoding a
glycerol facilitator, a gene encoding glycerol kinase, and a
gene encoding glycerol dehydrogenase.

In the present invention, glpF, glpK, and glpD derived
from E. coli were respectively introduced as the gene
encoding glycerol facilitator, the gene encoding glycerol
kinase, and the gene encoding glycerol dehydrogenase.

In the present invention, Corynebacterium glutamicum
introduced with the 1,3-PDO biosynthetic metabolic path-
way produces 3-HP (3-hydroxypropionic acid) as a main
byproduct in addition to 1,3-PDO, and 3-HP is converted
from 3-HPA (3-hydroxypropionaldehyde), which is the
same precursor as 3-PDO, by an aldehyde dehydrogenase
enzyme. Enzymes that specifically react strongly to 3-HPA
were identified from candidate enzymes of aldehyde dehy-
drogenases present in Corynebacterium glutamicum, and the
effects obtained through in-vivo culture were determined.

Thus, in one aspect, the present invention is directed to a
mutant microorganism having deleted or attenuated 3-HP
production ability and producing 1,3-PDO from glycerol,
wherein the mutant microorganism is produced by introduc-
ing (i) a gene encoding a glycerol facilitator, (ii) a gene
encoding glycerol kinase and a gene encoding glycerol
dehydrogenase, (iii) a gene encoding glycerol dehydratase,
(iv) a gene encoding glycerol reactivase and (v) a gene
encoding 1,3-PDO oxidoreductase into Corynebacterium
glutamicum, and deleting or attenuating a gene encoding
aldehyde dehydrogenase from the Corynebacterium gluta-
micum.

In the present invention, the gene encoding aldehyde
dehydrogenase, which is an enzyme involved in providing
the mutant Coryrebacterium glutamicum having inhibited
3-HP production ability, includes 11 candidate genes present
in Corynebacterium  glutamicum, namely NCgl0049,
NCgl0157, Ncgl0437, NCgl0463, NCgl0521, NCgl0523,
NCgl0900, NCglI2272, NCglI2578, NCgl2619, and
NCgl2698.

In the present invention, a change in 3-HP production due
to deletion of the 11 candidate genes selected for 3-HP
biosynthesis inhibition was determined, and a mutant
Corynebacterium glutamicum having increased 1,3-PDO
production was produced.

In the present invention, at least one of the genes encoding
aldehyde dehydrogenase may be deleted or attenuated.

In the present invention, the gene encoding the glycerol
facilitator, the gene encoding glycerol kinase, and the gene
encoding glycerol dehydrogenase may be glpF, glpK and
glpD, respectively, and the gene encoding glycerol dehy-
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dratase, the gene encoding glycerol reactivase, and the gene
encoding 1,3-PDO oxidoreductase may be pduCDEG or
yqhD.

In the present invention, the introduced genes may be
overexpressed by a strong promoter selected from the group
consisting of tac, trc and tuf.

As used herein, the term “intrinsic activity” refers to the
activity of an enzyme that a microorganism innately has in
an unmodified state, the expression “modified to have
enhanced activity compared to intrinsic activity” means that
an activity is newly introduced or improved compared to the
enzymatic activity before modification.

As used herein, the term “enhancement in enzymatic
activity” includes not only having effects beyond original
functions through new introduction of activity of enzymes or
improvement thereof, but also increased enzymatic activity
based on an increase in endogenous gene activity, amplifi-
cation of endogenous genes due to internal or external
factors, deletion of inhibitory regulatory factors of the gene
expression, an increase in the number of copies of genes,
introduction of genes from external sources, modification of
expression regulation sequences, in particular, promoter
replacement or modification, and increased enzymatic activ-
ity due to gene mutations.

As used herein, the term “modified to have enhanced
activity compared to intrinsic activity” means a state in
which the activity of the microorganism after manipulation
is increased compared to the activity of the microorganism
before manipulation, such as the introduction of genes
exhibiting activity or an increased number of copies of the
corresponding gene, and deletion of inhibitory regulatory
factors of gene expression or modification of expression
regulation sequences, for example, the use of enhanced
promoters.

As used herein, the term “deletion” encompasses cases in
which a gene is not expressed through a method of mutation,
replacement or deletion of a part or the entirety of the base
of'the gene and cases in which the enzymatic activity thereof
is not expressed even though the gene is expressed, and
includes all operations for blocking biosynthetic pathways
that the enzyme of the corresponding gene mediates.

As used herein, the term “overexpression” refers to
expression at a level higher than the level at which the
corresponding gene in the cell is expressed in a normal state,
and includes increases in expression levels by replacing
promoters of genes present on the genome with stronger
promoters or cloning the corresponding gene into the
expression vector to transform cells therewith.

As used herein, the term “vector” means a DNA product
containing a base sequence of a polynucleotide encoding a
target protein operably linked to a suitable control sequence
s0 as to express the target protein in a suitable host. The
control sequence includes a promoter capable of initiating
transcription, any operator sequence for controlling such
transcription, a sequence encoding a suitable mRNA ribo-
somal binding site, and a sequence for controlling termina-
tion of transcription and translation. After the vector is
transformed into a suitable host cell, it may be replicated or
perform functions independent of the host genome, and may
be integrated with the genome.

Since the plasmid is the most commonly used type of
vector, the terms “plasmid” and “vector” may be used
interchangeably throughout the specification of the present
invention. For the purpose of the present invention, a
plasmid vector is preferably used. A typical plasmid vector
that can be used for this purpose includes (a) a replication
origin to efficiently conduct replication such that several
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hundred plasmid vectors are included in each host cell, (b)
an antibiotic resistance gene to screen a host cell trans-
formed with the plasmid vector, and (c) a restriction enzyme
cleavage site into which a foreign DNA fragment is inserted.
Even if an appropriate restriction enzyme cleavage site is not
present, the vector and foreign DNA can be easily ligated
using a synthetic oligonucleotide adapter or a linker accord-
ing to a conventional method.

After ligation, the vector should be transformed into an
appropriate host cell. The host cells preferred in the present
invention are prokaryotic cells. Suitable prokaryotic host
cells include E. coli DH5a, E. coli IM101, E. coli K12, E.
coli W3110, E. coli X1776, E. coli X1-1 Blue (Stratagene),
E. coli B, E. coli B21 and the like. However, E. coli strains
such as FMB101, NM522, NM538 and NM539, as well as
other prokaryotic species and genera, and the like, can also
be used. In addition to the E. coli mentioned above, strains
of the genus Agrobacterium, such as Agrobacterium A4,
Bacillus strains such as Bacillus subtilis, other enterobacte-
ria such as Salmonella typhimurium or Serratia marcescens,
and various strains of the genus Pseudomonas can be used
as host cells.

Transformation of prokaryotic cells can be easily carried
out using a calcium chloride method described in Section
1.82 of Sambrook et al., supra. Alternatively, electroporation
(Neumann, et al., EMBO J., 1: 841, 1982) can be used for
transformation of these cells.

The vector used for overexpression of the gene according
to the present invention may be any expression vector
known in the art, and is preferably a pET-based vector
(Novagen). When cloning is performed using the pET-based
vector, histidine groups are bonded to the ends of the
expressed protein, so that the protein can be effectively
purified. The expressed protein can be isolated from the
cloned gene through a general method known in the art, and
can be specifically isolated using a chromatographic method
using Ni-NTA His-conjugated resin (Novagen). In the pres-
ent invention, the recombinant vector may be pET-SLTI66,
and the host cell may be E. coli or Agrobacterium.

As used herein, the term “expression control sequence”
means a DNA sequence essential for the expression of a
coding sequence operably linked to a particular host organ-
ism. Such a control sequence includes promoters for con-
ducting transcription, any operator sequences for controlling
such transcription, sequences for encoding suitable mRNA
ribosome-binding sites, and sequences for controlling the
termination of transcription and translation. For example,
control sequences suitable for prokaryotes include promot-
ers, optionally operator sequences and ribosome-binding
sites. Control sequences suitable for eukaryotic cells include
promoters, polyadenylation signals, and enhancers. The fac-
tor that has the greatest impact on the expression level of a
gene in a plasmid is the promoter. SRa promoters, cyto-
megalovirus-derived promoters and the like are preferably
used as promoters for high expression. Any of a wide variety
of expression control sequences may be used for the vector
in order to express the DNA sequences of the present
invention. Useful expression control sequences include, for
example, early and late promoters of SV40 or adenovirus,
the lac system, the trp system, the TAC or TRC system, T3
and T7 promoters, the major operator and promoter regions
of phage lambda, control regions of fd code proteins,
promoters of 3-phosphoglycerate kinase or other glycol
lyases, promoters of the phosphatase, such as Pho5, pro-
moters of yeast alpha-mating systems and other sequences
known to control gene expression of prokaryotic or eukary-
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otic cells or viruses and various combinations thereof. The
T7 promoter may be useful for expressing proteins of the
present invention in E. coli.

When a nucleic acid sequence is aligned with another
nucleic acid sequence based on a functional relationship, it
is “operably linked” thereto. This may be gene(s) and
control sequence(s) linked in such a way so as to enable gene
expression when a suitable molecule (e.g., a transcriptional
activator protein) is linked to the control sequence(s). For
example, DNA for a pre-sequence or secretory leader is
operably linked to DNA for a polypeptide, when expressed
as a pre-protein involved in the secretion of the polypeptide;
a promoter or enhancer is operably linked to a coding
sequence when it affects the transcription of the sequence; or
a ribosome-binding site is operably linked to a coding
sequence when it affects the transcription of the sequence; or
the ribosome-binding site is operably linked to a coding
sequence when positioned to facilitate translation. Gener-
ally, “operably linked” means that the linked DNA sequence
is in contact therewith, and a secretory leader is in contact
therewith and is present in the reading frame. However, the
enhancer need not be in contact therewith. The linkage of
these sequences is carried out by ligation (linkage) at
convenient restriction enzyme sites. When no such site
exists, a synthetic oligonucleotide adapter or a linker accord-
ing to a conventional method is used.

As used herein, the term “expression vector” commonly
refers to a recombinant carrier, into which a fragment of
heterologous DNA is inserted, and generally means a frag-
ment of double-stranded DNA. Herein, the heterologous
DNA is xenogenous DNA that is not naturally found in the
host cell. Once an expression vector is present in a host cell,
it can replicate independently of the host chromosomal
DNA, and several copies of the vector and inserted (heter-
ologous) DNA thereof can be produced.

As is well known in the art, in order to increase the
expression level of a transgene in a host cell, the gene should
be operably linked to transcriptional and translational
expression control sequences that function in a selected
expression host. Preferably, the expression control sequence
and the corresponding gene are included in one expression
vector containing both a bacterial selection marker and a
replication origin. When the expression host is a eukaryotic
cell, the expression vector should further include a useful
expression marker in the eukaryotic expression host.

The host cell transfected or transformed with the expres-
sion vector described above constitutes another aspect of the
present invention. As used herein, the term “transfection”
means introducing DNA into a host and making the DNA
replicable using an extrachromosomal factor or chromo-
somal integration. As used herein, the term “transformation”
means that an expression vector is accommodated in the host
cell, regardless of whether or not any coding sequence is
actually expressed.

It should be understood that not all vectors and expression
control sequences function identically in expressing the
DNA sequences of the present invention. Likewise, not all
hosts function identically for the same expression system.
However, those skilled in the art will be able to make
appropriate selection from among a variety of vectors,
expression control sequences and hosts without excessive
burden of experimentation and without departing from the
scope of the present invention. For example, selection of a
vector should be carried out in consideration of a host
because the vector should be replicated therein. The number
of replications of the vector, the ability to control the number
of replications, and the expression of other proteins encoded
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by the corresponding vector, such as the expression of
antibiotic markers, should also be considered. In selecting
the expression control sequence, a number of factors should
be considered. For example, the relative strength of the
sequence, controllability, and compatibility with the DNA
sequences of the present invention should be considered,
particularly in relation to possible secondary structures. The
single-cell host may be selected in consideration of factors
such as the selected vector, the toxicity of the product
encoded by the DNA sequence of the present invention,
secretion characteristics, the ability to accurately fold pro-
teins, culture and fermentation factors, and ease of purifi-
cation of the product encoded by the DNA sequence accord-
ing to the present invention from the host. Within the scope
of these factors, those skilled in the art can select various
vector/expression control sequences/host combinations
capable of expressing the DNA sequences of the present
invention in fermentation or large animal cultures. As a
screening method for cloning cDNA of proteins through
expression cloning, a binding method, a panning method, a
film emulsion method or the like can be applied.

Hereinafter, the present invention will be described in
more detail with reference to examples. However, it will be
obvious to those skilled in the art that these examples are
provided only for illustration of the present invention and
should not be construed as limiting the scope of the present
invention.

In the following Examples, only genes derived from a
specific strain are given as examples of genes to be intro-
duced, but it will be apparent to those skilled in the art that
any genes may be used without limitation, as long as they are
expressed in host cells into which they are to be introduced
and exhibit the same activity.

Example 1: Production of pCSglpFKD Vector for
Production of Mutant Corynebacterium glutamicum
Capable of Growing Using Glycerol as Single
Carbon Source

1-1: Production of pCSglpFKD Vector for Constructing
Glycerol Decomposition Metabolic Pathway

Corynebacterium glutamicum is known to be unable to
grow cells using glycerol as a single carbon source. There-
fore, in order to construct the glycerol decomposition meta-
bolic pathway, the gene encoding the enzyme derived from
E. coli W3110 and responsible for the glycerol decomposi-
tion metabolic pathway was first expressed using the
Corynebacterium glutamicum shuttle vector, pCES208s-
H36-S3.

PCR was performed using the chromosomal DNA of F.
coli W3110 (ATCC 39936) as a template and primers of
SEQ ID NOS: 1 and 2 to obtain glpFK gene fragments
encoding glycerol facilitator and glycerol kinase operon
enzymes, and PCR was performed using primers of SEQ ID
NOS: 3 and to obtain glpD gene fragments encoding glyc-
erol-3-phosphate dehydrogenase. In order to ligate the
glpFK gene fragment with the glpD gene fragment, over-
lapping PCR was performed using the primers of SEQ ID
NOS: 1 and 4 to produce a glpFKD gene fragment (SEQ ID
NO: 53). In order to linearize the pCES208s-H36-S3 vector
((the vector (SEQ ID NO: 21) obtained by replacing the Km
antibiotic of pCES208-H36 vector (Korean Patent Laid-
open Publication No. 10-2013-0022691, or Yim S. S. et al.,
Biotechnol. Bioeng., 110:2959, 2013, SEQ ID NO: 54)) with
the antibiotic spectinomycin, PCR was performed using
primers of SEQ ID NOS: 5 and 6, and a pCSglpFKD vector
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was constructed using the produced glpFKD gene fragment
and a Gibson assembly method (FIG. 2).

TABLE 1

Primers for producing
PCSglpFKD vector

Nucleotide

SEQ ID NO seqguence

SEQ ID NO: 1 5' -TTGGTTGGTAGGAG
TAGCATGGGATCCATGA
GTCAAACATCAACCT
T-3'

SEQ ID NO: 2 5'-GTTTCCATCTATAT
CTCCTTTTATTCGTCGT
GTTCTTCCC-3"!

SEQ ID NO: 3 5' -AAGGAGATATAGAT
GGAAACCAAAGATCTGA
T-3"

SEQ ID NO: 4 5'-
TAATTATAATGGCCGGC
TGGGCCTCTAGAGTTAC
GACGCCAGCGATAAC
c-3"

SEQ ID NO: 5 5' -TCTAGAGGCCCAGC
CGGCCATTATAATTA
G-3!

SEQ ID NO: 6 5'-GGATCCCATGCTAC
TCCTACCAACCAAGG

T-3'

Example 2: Production of Aldehyde Dehydrogenase
Deletion Vector for Inhibiting 3-HP Biosynthesis

When 1,3-PDO is produced from glycerol, 3-HPA, a
produced precursor, is converted to 3-HP through the alde-
hyde dehydrogenase enzyme present in the cell. However,
no enzyme that catalyzes the reaction to accept the precursor
as a substrate in Corynebacterium glutamicum has been
reported. Therefore, in order to identify the aldehyde dehy-
drogenase enzyme that mediates the reaction and delete the
gene encoding the enzyme from the genome of the strain to
thereby inhibit 3-HP biosynthesis, first, 13 kinds of aldehyde
dehydrogenase enzymes present in Corynebacterium gluta-
micum were selected (Table 2).

Then, in order to confirm the inhibitory effect of 3-HP
biosynthesis by deletion of the genes (SEQ ID NOS: 56 to
68) encoding the 13 kinds of aldehyde dehydrogenase
enzymes, first, the strain including the pTacCC1-HrT vector
transformed into Corynebacterium glutamicum was pro-
duced (Cho et al., Metabolic Engineering, 42: 157-167,
2017). Then, 1) pCGYts series each containing sgRNA
sequences of 12 types of genes, and ii) ssODNs each binding
to 13 kinds of genes for the produced Corynebacterium
glutamicum strain were produced to perform gene deletion
in Corynebacterium glutamicum.

2-1: Production of pCG9Yts-Series Vectors Containing
sgRNA Guide Sequences of 13 Kinds of Genes

First, using the online program CRISPy-web (Blin et al.,
Synthetic and Systems Biotechnology, 1(2):118-121, 2016),
which analyzes the non-specific target of the guide sequence
of sgRNA and provides the optimal sgRNA guide sequence,
the following optimal guide sequences having a low off-
target effect were selected (Table 2).

10

15

20

25

35

40

45

50

55

60

65

10

TABLE 2

sgRNA guide sequences for 13
arbitrary kinds of aldehyde
dehydrogenase using CRISPy-web

Guide Target sgRNA guide

sequence gene sequence

SEQ ID NO: 7 NCgl10049 TTCGTGGACTAAGAAACGGT
SEQ ID NO: 8 NCgl10157 TGCAGGATTGTAGACAGGAG
SEQ ID NO: 9 NCgl0248 TTCACCTCAGAGACGATTAG
SEQ ID NO: 10 NCgl0437 TGTTTGCTAAAGAGTAGGAA
SEQ ID NO: 11 ©NCgl0463 AACTCCCCGCGAAAGATCCG
SEQ ID NO: 12 NCglo0521 TTCGGAGACACACACATGTA
SEQ ID NO: 13 ©NCgl0523 CCAGTGACTTTAGAGCTAGG
SEQ ID NO: 14 ©NCgl0900 CCAACTGATATCGTGCTGTA
SEQ ID NO: 15 ©NCgll526 GTCGCCAGTGTATGCGTGAA
SEQ ID NO: 16 ©NCgl2272 GCGCAGCAAAGCTACGTTTC
SEQ ID NO: 17 NCgl2578 ATCGTCGTAAGGATTGATAT
SEQ ID NO: 18 NCgl2619 GAGGTTATAGCGCCATTTAC
SEQ ID NO: 19 NCgl2698 CTTGCCAATCCGATTAGAGC

In order to produce pCG9ts-series vectors including the
sgRNA guide sequences (SEQ ID NOS: 7 to 19), DNA
fragments targeting the NCgl0049 gene and encoding the
sgRNA-TI/TE sequence (Korea Patent Application No.
2017-0042124; Cho et al., Metabolic Engineering, 42: 157-
167, 2017) were amplified using pUC19-sgRNA vector
(Korean Patent Application No. 2017-0042124; Cho et al.,
Metabolic Engineering, 42: 157-167,2017, SEQ ID NO: 55)
as a template and primers of SEQ ID NOS: 20 and 23. The
amplified DNA fragments were amplified again through
PCR using the primers of SEQ ID NOS: 21 and 22. After a
pEKts-Cas9 vector (Korean Patent Application No. 2017-
0042124; Cho et al., Metabolic Engineering, 42: 157-167,
2017, SEQ ID NO: 66) was treated with a Stul enzyme, a
pCGIOts-ALD1 vector expressing the sgRNA targeting the
NCgl0049 gene together with the Cas9 protein was finally
produced through Gibson assembly with the amplified frag-
ment. Then, fragments targeting genes encoding each of 13
arbitrary kinds of enzymes were produced in the same
manner as above (the same in the case of SEQ ID NOS: 20,
21 and 22; PCR was conducted in the order of SEQ ID NOS:
24 to 35 for respective genes) to produce pCG9ts-ALD2,
pCGts-ALD3, pCGOts-ALD4, pCGIts-ALDS, pCGIts-
ALD6, pCGIts-ALD7, pCGIts-ALD8, pCGIts-ALDY,
pCGYts-ALD10, pCGOts-ALDI11, pCGOts-ALDI12 and
pCGIs-ALD13 vectors.

TABLE 3

Primers for amplifying
sgRNA-T1/TE fragments

Nucleotide
SEQ ID NO sequence
SEQ ID NO: TATAGATATCCCGCGGTATATTAA
20 TTAATATAAACGCAGAAAGGCCC
SEQ ID NO: TGGATGATGGGGCGATTCAGGtatayg
21 atatcTTGACAATTAATCATCGGCT
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TABLE 3-continued

12

TABLE 4-continued

Primers for amplifying
sgRNA-T1/TE fragments

Nucleotide
SEQ ID NO sequence
SEQ ID NO: AAGGTGTTGCTGACTCATACCAGGTA
22 TAGATATCCCGCGGTATA
TABLE 4

Primers for producing pCG9ts-series
vectors and 13 randomly selected
enzymes

SEQ

Nucleotide

ID NO Gene Annotation sequence

SEQ
23

SEQ

SEQ
25

SEQ

SEQ
27

SEQ

SEQ
29

SEQ

SEQ
31

SEQ

ID NO: NCgl0049 SSADH ttgacaattaatcatcgg
ctcgtataatgtgtggTT
CGTGGACTAAGAAACGGT
gttttagagctagaaata
gcaagt

ID NO: NCgl0l57 mgo ttgacaattaatcatcgg
ctcgtataatgtgtggTG
CAGGATTGTAGACAGGAG
gttttagagctagaaata
gcaagt

ID NO: NCglo0248 asd ttgacaattaatcatcgg
ctcgtataatgtgtggTT
CACCTCAGAGACGATTAG
gttttagagctagaaata
gcaagt

ID NO: NCglo0437 ttgacaattaatcatcgg
ctcgtataatgtgtggTG
TTTGCTAAAGAGTAGGAA
gttttagagctagaaata
gcaagt

ID NO: NCgl0463 SSADH ttgacaattaatcatcgg
ctcgtataatgtgtggaa
CTCCCCGCGAAAGATCCG
gttttagagctagaaata
gcaagt

ID NO:

NCgl0521 ttgacaattaatcatcgg

iD

iD

iD

iD

NO:

NO:

NO:

NO:

NCgl10523

NCg10900

NCgl1526

NCgl2272

betB

gapB

gapa

proiA

ctcgtataatgtgtggTT
CGGAGACACACACATGTA
gttttagagctagaaata
gcaagt

ttgacaattaatcatcgg
ctcgtataatgtgtggCC
AGTGACTTTAGAGCTAGG
gttttagagctagaaata
gcaagt

ttgacaattaatcatcgg
ctcgtataatgtgtggCC
AACTGATATCGTGCTGTA
gttttagagctagaaata
gcaagt

ttgacaattaatcatcgg
ctcgtataatgtgtggGT
CGCCAGTGTATGCGTGAA
gttttagagctagaaata
gcaagt

ttgacaattaatcatcgg
ctcgtataatgtgtggGC
GCAGCAAAGCTACGTTTC
gttttagagctagaaata
gcaagt
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Primers for producing pCG9ts-series
vectors and 13 randomly selected

enzymes

SEQ ID NO

Gene

Annotation

Nucleotide
sequence

SEQ ID NO:

33

SEQ ID NO:

34

SEQ ID NO:

35

NCgl12578

NCgl2619

NCgl2698

vdh

gabD2/
ssadh

aid

ttgacaattaatcatcgg
ctcgtataatgtgtggAT
CGTCGTAAGGATTGATAT
gttttagagctagaaata
gcaagt

ttgacaattaatcatcgg
ctcgtataatgtgtggGa
GGTTATAGCGCCATTTAC
gttttagagctagaaata
gcaagt

ttgacaattaatcatcgg
ctcgtataatgtgtggCT
TGCCAATCCGATTAGAGC
gttttagagctagaaata
gcaagt

2-2: Production of ssODN Each Binding to 13 Types of
Genes

SsODN for deleting 13 arbitrary kinds of target genes was
designed so that the site where the guide sequence of sgRNA
binds was located between the two binding sequences of
ssODN, and the total length was 80 nucleotides (Table 5). At
this time, ssODN consists of a 5'-homology arm and a
3'-homology arm, and each homology arm is 40 base pairs,
and was designed to bind to the outer parts of both ends of
the target gene region including a sequence complementary
to the guide sequence of sgRNA. When ssODN binds to the
target, a loop structure is formed, and this part becomes a
region where deletion occurs. The length of the deletion
region was designed to have 100 base pairs so that deletion
of the target gene could be easily detected through PCR.

TABLE 5

SsODN sequences binding to arbitrary 13

kinds of aldehyde dehydrogenase dgenes

SEQ ID NO Nucleotide sequence

SEQ ID NO: ggtgccatgggtgccaaaatgcgcaacatceggce

36 gaagcttcegacgaaggegtcacegtgggecceec
tggttgaggaaaaa

SEQ ID NO: actggattgacggcgcgatttceccateccactt

37 ccggeaagcetgctaagacgtggggcaacctgte
tatcgctaagegee

SEQ ID NO: gactgttgtggataactcttetgettggegecaa

38 ggacgaccagtgctgaagccacttcacgatgee
gctggtcecttgtaaa

SEQ ID NO: gtcggtagcatcaaaagctcgcacgecgatgag

39 tggccactegecatcaatcagtgaacacccatg
cagtgeggttyg

SEQ ID NO: ccacgattccacccagtggatgtecgegetcte

40 tgatgcacagagatcatccacctggaagctgga
aaatccgttgcaga

SEQ ID NO: gtaaccaccttgcttcgggtatagaagttgaaa

41 gactcaggacttcgatgtccatctgaaattcte
gagctgtacggceca

SEQ ID NO: gtcgagagtactgacatgtctgcatcaggaagg

42 ataatcgcttgtctactccecggggtggcggacaa

gggcatcaccgaaa
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TABLE 5-continued

SsODN sequences binding to arbitrary 13
kinds of aldehyde dehydrogenase genesg

SEQ ID NO Nucleotide sequence

SEQ ID NO: cttcgaagaatccgaaagcaccgacctgegtge

43 cttectgtectggttteccecgegaggcactgtat
gacggtgetegtet

SEQ ID NO: aacgatgttgactgctgctgcacgtgcacgacg

44 caggtcgttggtgcgaggcagttggtggtgcaa
gatgegecggagat

SEQ ID NO: ctgcaggataccacgagcaggtgaggaatgcac

45 agctegeccaaaggcacacggacctgcacatet
gaatgecegtt

SEQ ID NO: ggcatcaacatcagcaatggaagcagtagcatc

46 ggcgcaaatgagcagtcacaaggtctectaaag
agattgtgg

SEQ ID NO: cccagaaagtgcaaaagcatgctcegacgtcage

47 tcatcatgaagacataggcagcggacctaaagg
aagacgtttg

SEQ ID NO: ggaatgatcttgtceggatgcagegeggttgate

48 agcttgegecectetgggatgagategecgatga

tgttaatcagatac

Example 3: Production and Confirmation of
Corynebacterium glutamicum with Inhibited 3-HP
Production Ability and Improved 1,3-PDO
Production Ability

3-1: Production of Corynebacterium glutamicum with
Inhibited 3-HP Production Ability

The pCGIts-ALD vectors and ssODN produced in
Examples 2-1 and 2-2 were each transformed into wild-type
Corynebacterium glutamicum (ATCC 13032) in order to
delete the genes encoding arbitrary 13 kinds of aldehyde
dehydrogenase that were expected to be involved in 3-HP
biosynthesis from the genome. Then, for the transformed
mutant Corynebacterium glutamicum strains, a pTacCCl-
HrT vector (Korean Patent Application No. 2017-0042124;
Cho et al., Metabolic Engineering, 42: 157-167, 201, SEQ
ID NO: 57) and pCGIts-ALD vectors were removed by
curing on a 37° C. BHI plate. The strains produced through
this process are shown in Table 6. However, the WAH3
strain and the WAHY strain were not produced and the
corresponding two genes are considered to be genes essen-
tial for cell survival.

TABLE 6

11 kinds of arbitrary aldehyde dehydrogenase-
deleted Corynebacterium glutamicum strains

Name of strain Genotype

WT C. glutamicum ATCC 13032
WAHI1 WT NCgl0049
WAH?2 WT NCgl0157
WAH4 WT NCglo437
WAHS WT NCgl0463
WAH6 WT NCgl0521
WAH7 WT NCgl0523
WAHS WT NCgl0900
WAHI10 WT NCgl2272
WAHI1 WT NCgl2578
WAHI12 WT NCgl2619
WAHI13 WT NCgl2698
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3-2: Production of pEK-pduyE Vector for Construction of
1,3-PDO Biosynthetic Metabolic Pathway

In order to construct the 1,3-PDO biosynthetic metabolic
pathway, Klebsiella pneumoniae DSMZ2026 (KCTC 4952)
and E. coli W3110-derived foreign enzymes were expressed
using the pEKEx1 shuttle vector of Corynebacterium glu-
tamicum (Eikmanns et al., Gene 102: 93, 1991, SEQ ID NO:
58).

First, PCR was performed using the chromosomal DNA
of the DSMZ2026 strain of Klebsiella pneumoniae as a
template and primers of SEQ ID NOS: 49 and 50 to obtain
a pduCDEGH gene cluster fragment (SEQ ID NO: 59)
encoding glycerol dehydratase and glycerol reactivase. In
order to ligate the obtained pduCDEGH gene fragment with
the pEKEX1 vector as a shuttle vector, a pEK-pdu vector was
produced by treatment with the restriction enzymes EcoRI
and Pstl, and then ligation using Gibson assembly (FIG. 4).

Then, PCR was performed using the pTaclSkyghD
recombinant vector (a recombinant vector (SEQ ID NO: 60)
obtained by inserting yghD derived from E. col/i W3110 into
a pTacl5k vector (originated from plSA, tac promoter,
KmR), as a template and primers of SEQ ID NOS: 51 and
52 to obtain a yghD gene fragment encoding 1,3-PDO
oxidoreductase.

In order to ligate the obtained gene fragment with the
pEK-pdu vector, a pEK-pduyE vector was produced by
treatment with the Dral restriction enzyme and ligation
using Gibson assembly (FIG. 5).

TABLE 7

Primers for producing pEK-pduvE vectors

SEQ ID NO Nucleotide sequence

SEQ ID NO: 49 5'-ACAATTTCACACAGGAAACAGAATT
CATGAGATCGAAAAGATTTGAAG-3"

SEQ ID NO: 50 5'-AAAACAGCCAAGCTTGGCTGCAGT
TAAGCATGGCGATCCCGAAATG-3"

SEQ ID NO: 51 5'-TTCCAATGATGAGCACTTTT
TTGACAATTAAT-3'

SEQ ID NO: 52 5'-GCGCCACATAGCAGAACTTTTTAG

CGGGCGGCTTCGTATATAC-3"!

3-3: Confirmation of Inhibition of 3-HP Production Abil-
ity and Improvement of 1,3-PDO Production Ability
Through In Vivo Culture

Each strain prepared in Example 3-1 was transformed
with the pCSglpFKD vector for constructing a glycerol-
degrading metabolic pathway and pEK-pduyE for construct-
ing a 1,3-PDO biosynthetic metabolic pathway. Then, selec-
tion was conducted on a BHIS plate medium (containing 37
g/LL of brain heart infusion (BHI), 91 g/L of sorbitol and 15
g/L of agar) supplemented with 25 pg/l. of Kanamycin and
200 pg/l. of Spectinomycin. The 11 transformed mutant
microorganisms were inoculated into a test tube containing
10 mLL BHIS medium (containing 37 g/I. of brain heart
infusion (BHI) and 91 g/L. of sorbitol) and pre-cultured at
30° C. for 16 hours. Then, 1 mL of the pre-cultured solution
was inoculated into 25 mL of CGXII medium (Table 8) in a
250 mL baffle flask and cultured. The initial glycerol con-
centration was set to 40 g/I, and g/ of yeast extract in the
medium was added, and flask culture was performed in
triplicate for 48 hours.
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TABLE 8

Components of CGXII medium used for culture
of Corynebacterium glutamicum

Components of CGXII-glycerol medium Concentration

CaCl,*2H,0 13 mg/L
FeSO,*7H,0 10 mg/L
MnSO,*5H,0 14 mg/L
ZnSO,4°7H,0 1 mg/L
CuSO,4*5H,0 300 pg/L
NiCL*6H,0 20 pg/L
(NH,),50, 20 g/L
Urea 2 g/l
KH,PO, 1 gL
K,HPO, 1 gL
Biotin 200 pg/L
Thiamine 500 pg/L
Protocatechuic acid 30 mg/L
MOPS 42 g/L
Glycerol 40 g/L
Spectinomycin 200 pg/L

The HPLC conditions used to measure the 3-HP concen-
tration are as follows. First, an Agilent 1100 series HPLC
instrument was used, and a DAD detector, an agilent Meta-
Carb 87H column, and another UV 210 nm detector were
used as detectors and a column. At this time, 0.1% H3PO4
was fed as a buffer at a flow rate of 0.5 mL/min at 40° C.
Next, Waters 1515 high performance liquid chromatography
(Waters 1 Co., Milford, Mass., USA) was used for the
measurement of 1,3-PDO. The detectors and column used
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herein were Waters 2414 refractive index detectors and A
MetaCarb 87H column (300 by 7.8 mm; Agilent). At this
time, 0.01N H2504 was fed as a buffer at a flow rate of 0.5
ml./min at 35° C.

As a result, as can be seen from FIGS. 6 and 7, the strain
transformed with the pCSglpFKD vector and the pEK-
pduyE vector from the WAH13 strain the most inhibited
3-HP production and thus the most increased 1,3-PDO
production. In addition, it can be seen that WAH1, WAH2,
WAHS, WAHG6 and WAH7 also exhibited inhibited 3-HP
production and increased 1,3-PDO production.

INDUSTRIAL APPLICABILITY

The mutant Corynebacterium glutamicum according to
the present invention can produce 1,3-PDO with high effi-
ciency using inexpensive glycerol as a carbon source
through inhibition of the ability to produce 3-HP, a by-
product.

Although specific configurations of the present invention
have been described in detail, those skilled in the art will
appreciate that this description is provided to set forth
preferred embodiments for illustrative purposes and should
not be construed as limiting the scope of the present inven-
tion. Therefore, the substantial scope of the present inven-
tion is defined by the accompanying claims and equivalents
thereto.

[Sequence Text]

An electronic file was attached.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 68
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 47

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 1

ttggttggta ggagtagcat gggatccatg agtcaaacat caacctt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 2

gtttccatct atatctectt ttattegteg tgttctteec

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 3

aaggagatat agatggaaac caaagatctg at

<210> SEQ ID NO 4

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

47

40

32
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-continued

18

<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 4

taattataat ggccggetgg gectctagag ttacgacgec agcegataacce

<210> SEQ ID NO 5

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 5

tctagaggee cagccggeca ttataattag

<210> SEQ ID NO 6

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 6

ggatcccatg ctactcctac caaccaaggt

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sgRNA

<400> SEQUENCE: 7

ttcgtggact aagaaacggt

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sgRNA

<400> SEQUENCE: 8

tgcaggattyg tagacaggag

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sgRNA

<400> SEQUENCE: 9

ttcacctcag agacgattag

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sgRNA

<400> SEQUENCE: 10

tgtttgctaa agagtaggaa

50

30

30

20

20

20

20
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20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA

SEQUENCE: 11

aactcccege gaaagatceg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA

SEQUENCE: 12

ttcggagaca cacacatgta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA

SEQUENCE: 13

ccagtgactt tagagctagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA

SEQUENCE: 14

ccaactgata tcgtgetgta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA

SEQUENCE: 15

gtcgecagtyg tatgegtgaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA

SEQUENCE: 16

gegcagcaaa gctacgttte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA

20

20

20

20

20

20
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-continued

<400> SEQUENCE: 17

atcgtcgtaa ggattgatat 20

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sgRNA

<400> SEQUENCE: 18

gaggttatag cgccatttac 20

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sgRNA

<400> SEQUENCE: 19

cttgccaatc cgattagagce 20

<210> SEQ ID NO 20

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for sgRNA-T1/TE fragment

<400> SEQUENCE: 20

tatagatatc ccgcggtata ttaattaata taaacgcaga aaggccce 47

<210> SEQ ID NO 21

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for sgRNA-T1/TE fragment

<400> SEQUENCE: 21

tggatgatgg ggcgattcag gtatagatat cttgacaatt aatcatcgge t 51

<210> SEQ ID NO 22

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for sgRNA-T1/TE fragment

<400> SEQUENCE: 22

aaggtgttge tgactcatac caggtataga tatccegegg tata 44
<210> SEQ ID NO 23

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation
<400> SEQUENCE: 23

ttgacaatta atcatcgget cgtataatgt gtggttegtg gactaagaaa cggtgtttta 60

gagctagaaa tagcaagt 78
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-continued

<210>
<211>
<212>

SEQ ID NO 24
LENGTH: 78
TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation

<400> SEQUENCE: 24

ttgacaatta atcatcggct cgtataatgt gtggtgcagg attgtagaca ggaggtttta 60
gagctagaaa tagcaagt 78
<210> SEQ ID NO 25

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation
<400> SEQUENCE: 25

ttgacaatta atcatcggcet cgtataatgt gtggttcacce tcagagacga ttaggtttta 60

gagctagaaa tagcaagt 78

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 26
LENGTH: 78
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation
<400> SEQUENCE: 26
ttgacaatta atcatcggcet cgtataatgt gtggtgtttg ctaaagagta ggaagtttta 60

gagctagaaa tagcaagt 78

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 27
LENGTH: 78
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation
<400> SEQUENCE: 27
ttgacaatta atcatcgget cgtataatgt gtggaactece cegegaaaga tceggtttta 60

gagctagaaa tagcaagt 78

<210> SEQ ID NO 28

<211>
<212>
<213>
<220>
<223>

<400>

ttgacaatta atcatcggcet cgtataatgt gtggttegga gacacacaca tgtagtttta

gagctagaaa tagcaagt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

LENGTH:

78

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: primer for pCGO9ts-series vector preparation

SEQUENCE: 28

SEQ ID NO 29
LENGTH: 78
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: primer for pCGO9ts-series vector preparation

SEQUENCE: 29

60

78
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ttgacaatta atcatcggcet cgtataatgt gtggecagtg actttagage tagggtttta

gagctagaaa tagcaagt

<210> SEQ ID NO 30

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation

<400> SEQUENCE: 30
ttgacaatta atcatcggcet cgtataatgt gtggecaact gatategtge tgtagtttta

gagctagaaa tagcaagt

<210> SEQ ID NO 31

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation

<400> SEQUENCE: 31
ttgacaatta atcatcgget cgtataatgt gtgggtegece agtgtatgeg tgaagtttta

gagctagaaa tagcaagt

<210> SEQ ID NO 32

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation

<400> SEQUENCE: 32

ttgacaatta atcatcggcet cgtataatgt gtgggegcag caaagctacg tttegtttta
gagctagaaa tagcaagt

<210> SEQ ID NO 33

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation
<400> SEQUENCE: 33

ttgacaatta atcatcgget cgtataatgt gtggategte gtaaggattg atatgtttta
gagctagaaa tagcaagt

<210> SEQ ID NO 34

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation

<400> SEQUENCE: 34

ttgacaatta atcatcggcet cgtataatgt gtgggaggtt atagcgccat ttacgtttta
gagctagaaa tagcaagt

<210> SEQ ID NO 35

<211> LENGTH: 78
<212> TYPE: DNA

60

78

60

78

60

78

60

78

60

78

60

78
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28

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer for pCG9ts-series vector preparation
<400> SEQUENCE: 35

ttgacaatta atcatcgget cgtataatgt gtggettgec aatccgatta gagegtttta

gagctagaaa tagcaagt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 36

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 36

ggtgccatgg gtgccaaaat gegcaacatce ggcgaagcett cgacgaagge gtcaccegtgg

geccectggt tgaggaaaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 37

actggattga cggcgegatt tccccatcca ctteeggeaa getgctaaga cgtggggcaa

cctgtetate gectaagegec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 38

gactgttgtyg gataactctt ctgcttggeyg caaggacgac cagtgctgaa gcecacttcac

gatgcegetyg gtettgtaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 39

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 39

gtcggtaget ttcaaaaget cgettegeeg atgttgtgge cactegecat caatcagtga

acacccatge agtgeggttg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 40

ccacgattce acccagtgga tgtccgeget ctetgatgea cagagatcat ccacctggaa

getggaaaat ccgttgcaga

78

60

80

60

80

60

80

60

80

60

80
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 41

gtaaccacct tgcttcgggt atagaagttyg aaagactcag gacttcgatg tccatctgaa

attctegage tgtacggeca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 42

gtcgagagta ctgacatgtce tgcatcagga aggataatcg cttgtctact cecggggtgge

ggacaagggc atcaccgaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 43

cttegaagaa tccgaaagcea ccgacctgeg tgecttectg tectggttte cecgegaggea

ctgtatgacyg gtgctegtet

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 44

aacgatgttyg actgctgetg cacgtgcacyg acgcaggteg ttggtgegag gcagttggtg

gtgcaagatyg cgccggagat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

SEQUENCE: 45

ctgcaggatt tccacgaget tggtgttgga atgcacaget cgcccaaagg cacacggace

tgcttcatct gaatgeegtt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 46

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ssODN sequence

60

80

60

80

60

80

60

80

60

80
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<400> SEQUENCE: 46
ggcatcaaca tcagcaatgg aagcttgttt gettteggeg caaatgttge agtcacaagg

tctectaaag ttgattgtgg

<210> SEQ ID NO 47

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: ssODN seguence

<400> SEQUENCE: 47
cccttgaaag tgcaaaagca tgctcgacgt cttgetcate atgaagttcet ttaggcageg

gacctaaagg aagacgtttg

<210> SEQ ID NO 48

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: ssODN seguence

<400> SEQUENCE: 48
ggaatgatct tgtcggatge agcegeggttyg atcagettge gecctetggyg atgagatcege

cgatgatgtt aatcagatac

<210> SEQ ID NO 49

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pEK-pduyE preparation

<400> SEQUENCE: 49

acaatttcac acaggaaaca gaattcatga gatcgaaaag atttgaag

<210> SEQ ID NO 50

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pEK-pduyE preparation

<400> SEQUENCE: 50

aaaacagcca agcttggetg cagttaagea tggegatcce gaaatg

<210> SEQ ID NO 51

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pEK-pduyE preparation

<400> SEQUENCE: 51

ttccaatgat gagcactttt ttgacaatta at

<210> SEQ ID NO 52

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for pEK-pduyE preparation

<400> SEQUENCE: 52

60

80

60

80

60

80

48

46

32



33

US 11,473,111 B2

34

-continued
gegecacata gcagaacttt ttagegggeg gettegtata tac 43
<210> SEQ ID NO 53
<211> LENGTH: 3895
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: glpFKD
<400> SEQUENCE: 53
atgagtcaaa catcaacctt gaaaggccag tgcattgetg aattectegyg taccgggttyg 60
ttgattttct teggtgtggg ttgcgttgca gcactaaaag tcgctggtge gtettttggt 120
cagtgggaaa tcagtgtcat ttggggactg ggggtggcaa tggccatcta cctgaccgca 180
ggggttteeyg gegegecatcet taatcccget gttaccattg cattgtgget gtttgcectgt 240
ttcgacaage gcaaagttat tccttttatce gtttcacaag ttgccggege tttetgtget 300
geggetttag tttacggget ttactacaat ttattttteg acttcgagca gactcatcac 360
attgttcgeg gcagegttga aagtgttgat ctggetggea ctttetctac ttaccctaat 420
cctcatatca attttgtgca ggctttegea gttgagatgg tgattaccge tattctgatg 480
gggctgatee tggegttaac ggacgatgge aacggtgtac cacgceggecc tttggctecce 540
ttgctgattyg gtctactgat tgcggtcatt ggegcatcta tgggcccatt gacaggtttt 600
gecatgaace cagecgegtga ctteggteceg aaagtetttg cctggetgge gggetgggge 660
aatgtcgect ttaccggegg cagagacatt ccttacttee tggtgccget ttteggecct 720
atcgttggeg cgattgtagg tgcatttgece taccgcaaac tgattggteg ccatttgect 780
tgcgatatct gtgttgtgga agaaaaggaa accacaactc cttcagaaca aaaagcttcg 840
ctgtaatatg actacgggac aattaaacat gactgaaaaa aaatatatcyg ttgcgctcga 900
ccagggcace accagcetccce gegeggtegt aatggatcac gatgccaata tcattagegt 960
gtcgcagege gaatttgage aaatctaccc aaaaccaggt tgggtagaac acgacccaat 1020
ggaaatctgyg gccacccaaa gctccacgcet ggtagaagtyg ctggcgaaag ccgatatcag 1080
ttccgatcaa attgcagcta tceggtattac gaaccagegt gaaaccacta ttgtctggga 1140
aaaagaaacc ggcaagccta tctataacgce cattgtcetgg cagtgccgte gtaccgcaga 1200
aatctgcgag catttaaaac gtgacggttt agaagattat atccgcagca ataccggtct 1260
ggtgattgac ccgtactttt ctggcaccaa agtgaagtgg atcctcgacc atgtggaagg 1320
ctctegegag cgtgcacgte gtggtgaatt gctgtttggt acggttgata cgtggcttat 1380
ctggaaaatg actcagggcc gtgtccatgt gaccgattac accaacgcct ctecgtaccat 1440
gttgttcaac atccataccce tggactggga cgacaaaatg ctggaagtgc tggatattcce 1500
gcgcgagatg ctgccagaag tgcgtcecgtte ttccgaagta tacggtcaga ctaacattgg 1560
cggcaaaggce ggcacgcegta ttccaatcte cgggatcgece ggtgaccage aggecgeget 1620
gtttggtcag ttgtgcgtga aagaagggat ggcgaagaac acctatggca ctggctgcett 1680
tatgctgatg aacactggcg agaaagcggt gaaatcagaa aacggcctgce tgaccaccat 1740
cgectgegge ccgactggeg aagtgaacta tgcgttggaa ggtgcggtgt ttatggcagg 1800
cgcatccatt cagtggctgce gcgatgaaat gaagttgatt aacgacgcct acgattccga 1860
atatttcgcce accaaagtgc aaaacaccaa tggtgtgtat gtggttccgg catttaccgg 1920
gctgggtgeg ccgtactggg acccgtatge gegcecggggeg atttteggtce tgactcegtgg 1980
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ggtgaacgct aaccacatta tacgcgcgac gctggagtcet attgcttatc agacgcgtga 2040
cgtgctggaa gcgatgcagg ccgactectgg tatccgtetg cacgcectge gegtggatgg 2100
tggcgcagta gcaaacaatt tcctgatgca gttccagtcecce gatattcteg gcacccegegt 2160
tgagcgcecccg gaagtgcgeg aagtcaccge attgggtgeg gectatcteg caggectggce 2220
ggttggctte tggcagaacc tcgacgagct gcaagagaaa gcggtgattg agcgcgagtt 2280
ccgtceccagge atcgaaacca ctgagcgtaa ttaccgttac gcaggctgga aaaaagcggt 2340
taaacgcgeg atggegtggg aagaacacga cgaataaaag gagatataga tggaaaccaa 2400
agatctgatt gtgatagggg gcggcatcaa tggtgctggt atcgcggcag acgccgctgg 2460
acgcggttta tccgtgctga tgctggaggce gcaggatctce gecttgecgcga cctettecege 2520
cagttcaaaa ctcattcacg gtggcctgcg ctaccttgag cactatgaat tccgectggt 2580
cagcgaggcg ctggctgaac gtgaagtgct gctgaaaatg gccccgcata tegecttece 2640
gatgcgtttt cgcctgeccac atcgtceccegeca tectgcgeceg gegtggatga ttegcattgg 2700
tctgtttatg tacgatcatc tgggtaaacg caccagcttg ccgggatcaa ctggtttgeg 2760
ttttggcgca aattcagtgt taaaaccgga aattaagcgce ggattcgaat attctgactg 2820
ttgggtagac gacgcccgte tggtactcge caacgcccag atggtggtge gtaaaggegg 2880
cgaagtgctt actcggactc gcgccaccte tgctcecgecge gaaaacggcece tgtggattgt 2940
ggaagcggaa gatatcgata ccggcaaaaa atatagctgg caagcgcgcg gcttggttaa 3000
cgccacceggce ccgtgggtga aacagttctt cgacgacggg atgcatctge cttegectta 3060
tggcattcge ctgatcaaag gcagccatat tgtggtgccg cgcgtgcata cccagaagca 3120
agcctacatt ctgcaaaacg aagataaacg tattgtgttc gtgatcccgt ggatggacga 3180
gttttccate atcggcacta ccgatgtcga gtacaaaggc gatccgaaag cggtgaagat 3240
tgaagagagt gaaatcaatt acctgctgaa tgtgtataac acgcacttta aaaagcagtt 3300
aagccgtgac gatatcgtet ggacctacte cggtgtgegt ccgctgtgtg atgatgagtce 3360
cgactcgeccg caggctatta cccgtgatta cacccttgat attcatgatg aaaatggcaa 3420
agcaccgctg ctgteggtat teggcecggtaa gctgaccacce taccgaaaac tggcggaaca 3480
tgcgctggaa aaactaacgc cgtattatca gggtattggce ccggcatgga cgaaagagag 3540
tgtgctaccg ggtggcgcca ttgaaggcga ccgcgacgat tatgccgcte gectgcgecg 3600
ccgctateceg ttectgactyg aatcgetgge gcgtcattac getcegcactt acggcagcaa 3660
cagcgagctg ctgctcggca atgcgggaac ggtaagcgat ctcggggaag atttcggtca 3720
tgagttctac gaagcggagc tgaaatacct ggtggatcac gaatgggtcce gecgcgccga 3780
cgacgcectg tggcgtcgca caaaacaagg catgtggcta aatgcggatc aacaatctcg 3840
tgtgagtcag tggctggtgg agtatacgca gcagaggtta tcgctggcgt cgtaa 3895
<210> SEQ ID NO 54
<211> LENGTH: 6538
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pCES208g-H36-S3
<400> SEQUENCE: 54
gatctttggyg agcagtcctt gtgegettac gaggtgagcece ggtggggaac cgttatctge 60
ctatggtgtg agcccccecta gagagcttca agagcaatca gceccgaccta gaaaggaggce 120
caagagagag acccctacgg ggggaaccgt tttcetgecta cgagatggea catttactgg 180
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gaagctttac ggegtecteg tggaagttca atgccegcag acttaagtge tctattcacg 240
gtectgacgtyg acacgctaaa ttcagacata gettcattga ttgtcgecac gagecagtet 300
ctecectcaac agtcataaac caacctgcaa tggtcaageg atttecttta getttectag 360
cttgtcecgttg actggactta gctagttttt ctegectgtge tecgggcgtac tcactgtttg 420
ggtettteca gegttetgeg gectttttac cgccacgtet teccatagtg gecagagett 480
ttegeccteg getgetetge gtetetgtet gacgagcagyg gacgactgge tggectttag 540
cgacgtagee gcegcacacgt cgcgccateg tetggeggte acgcatcegge ggcagatcag 600
gectecacggee gtetgeteeg accgectgag cgacggtgta ggcacgeteg taggegtega 660
tgatcttggt gtcttttagg cgctcaccag ccgettttaa ctggtatccece acagtcaaag 720
cgtggegaaa agccgtcectca tcacgggegg cacgecctgg agcagtccag aggacacgga 780
cgecgtegat cagcetctceca gacgcttcag cggegcetegyg caggettget tcaagegtgg 840
caagtgcttt tgctteccgca gtggetttte ttgeccegette gatacgtgece cgtecgetag 900
aaaactcctg ctcatagegt tttttaggtt tttetgtgece tgagatcatg cgagcaacct 960
ccataagatc agctaggcga tccacgcgat tgtgctggge atgccagcgg tacgceggtgg 1020
gatcgtcgga gacgtgcagt ggccaccggce tcagcctatg tgaaaaagcc tggtcagege 1080
cgaaaacgcg ggtcatttece teggtegttg cagccagcag gcgcatatte gggctgcetca 1140
tgcctgetge ggcatacacc ggatcaatga gccagatgag ctggcattte ccgctcagtg 1200
gattcacgcc gatccaagct ggegettttt ccaggcgtge ccagcecgctcece aaaatcgegt 1260
agaccteggg gtttacgtge tcgattttcee cgecggectg gtggctcgge acatcaatgt 1320
ccaggacaag cacggctgceg tgctgegegt gegtcagage aacatactgg caccgggcaa 1380
gcgattttga accaactcgg tataacttcg getgtgttte tececgtgtcece gggtcectttga 1440
tccaageget ggcgaagteg cgggtcettge tgccctggaa attttectcectg cceccaggtgag 1500
cgaggaattc gcggcggtet tegcectegtcee agecacgtga tcgcagcegeg agectcegggat 1560
gggtgtcgaa cagatcagcg gaaaatttcc aggccggtgt gtcaatgtct cgtgaatcecg 1620
ctagagtcat ttttgagcgce tttctceccag gtttggactg ggggttagee gacgccctgt 1680
gagttaccge tcacggggcg ttcaacattt ttcaggtatt cgtgcagett atcgettett 1740
gcecgectgtyg cgettttteg acgegcgacg ctgctgccga tteggtgcag gtggtggegy 1800
cgctgacacg tecctgggegg ccacggccac acgaaacgcg gcatttacga tgtttgtcat 1860
gcctgeggge accgcegecac gatcgcecggat aattctcecget gecgetteca gctetgtgac 1920
gaccatggcc aaaatttcge tcgggggacg cacttccage gccatttgeg acctagecge 1980
ctccagetece teggegtgge gtttgttgge gecgetegegg ctggectgcegg cacgacacgce 2040
atctgagcaa tattttgcge gecgtcectceg cgggtcaggce cggggaggaa tcaggccacce 2100
gcagtaggcg caactgattc gatcctceccac tactgtgcgt cctectggeg ctgccgagca 2160
cgcagctegt cagccagete ctcaagatce gccacgagag tttctaggte getcecgeggca 2220
ctggcccagt ctcegtgatge tggcgcegtcee gtegtatcega gagctcggaa aaatccgatce 2280
accgttttta aatcgacggc agcatcgage gcgtcggact ccagcgcgac atcagagaga 2340
tccatagetg atgattcggg ccaattttgg tacttcecgteg tgaaggtcat gacaccatta 2400
taacgaacgt tcgttaaagt ttttggcgga aaatcacgcg gcacgaaaat tttcacgaag 2460
cgggactttg cgcagctcag gggtgctaaa aattttgtat cgcacttgat ttttccgaaa 2520
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gacagattat ctgcaaacgg tgtgtcgtat ttctggcttg gtttttaaaa aatctggaat 2580
cgaaaatttg cggggcgacc gagaagtttt ttacaaaagg caaaaacttt ttcgggatcg 2640
acagaaataa aacgatcgac ggtacgcaac aaaaaagcgt caggatcgec gtagagcgat 2700
tgaagaccgt caaccaaagg ggaagcctcece aatcgacgeg acgcgcegcete tacggegate 2760
ctgacgcaga tttttagcta tectgtcecgcag cgccecctcagg gacaagccac ccgcacaacg 2820
tcgcgaggge gatcagcgac gecgcagtac tgatcctecg gegttcagece tgtgccacag 2880
ccgacaggat ggtgaccgceg caattaaccce tcactaaagg gaacaaaagce tgggtaccgg 2940
gccececceete gaggtcgacg gtacctcectat ctggtgcceet aaacggggga atattaacgg 3000
gcccagggtyg gtegcacctt ggttggtagg agtagcatgg gatcctctag aggcccagec 3060
ggccattata attaggccte gggggccegeg gecgetgcecet ggcggcagta gcgeggtggt 3120
cccacctgac cccatgecga actcagaagt gaaacgcegt agegecgatyg gtagtgtggg 3180
gtectecccat gegagagtag ggaactgcca ggcatcaaat aaaacgaaag gctcagtcga 3240
aagactgggce ctttegtttt atctgttgtt tgtcggtgaa cgctctcecctg agtaggacaa 3300
atccgeceggg ageggatttg aacgttgega agcaacggece cggagggtgyg cgggcaggac 3360
gccegecata aactgccagg catcaaatta agcagaaggc catcctgacg gatggcecttt 3420
tgccaccgeg gtggagctec aattcgeccct atagtgagtc gtattacgceg cggtgaccac 3480
catttgccece atatcaccgt cggtactgat ccecgtcgtca ataaaccgaa ccgctacacce 3540
ctgagcatca aactctttta tcagttggat catgtcggceg gtgtcgcggce caagacggtce 3600
gagcttctte accagaatga catcaccttc ctccacctte atcctcagca aatccagecce 3660
ttccecgatet gttgaactge cggatgectt gtcecggtaaag atgcggttag cttttaccce 3720
tgcatctttg agcgctgagg tcetgcectcegt gaagaaggtg ttgctgactce ataccaggcece 3780
tgaatcgccce catcatccag ccagaaagtg agggagccac ggttgatgag agectttgttg 3840
taggtggacc agttggtgat tttgaacttt tgctttgcca cggaacggtce tgcgttgtceg 3900
ggaagatgcg tgatctgatc cttcaactca gcaaaagttc gatttattca acaaagccgce 3960
cgtcecegtca agtcagcgta atgctctgce agtgttacaa ccattcaaat atgtatccgce 4020
tgagcaataa ctagcataac cccttggggce ctctaaacgg gtcttgaggg gttttttget 4080
gaaacctcag gcatttgaga agcacacggt cacactgctt ccggtagtca ataaaccggt 4140
aaaccagcaa tagacataag cggctattta acgaccctge cctgaaccga cgaccgggte 4200
atcgtggeccg gatcttgegg ccccteggcet tgaacgaatt gttagacatt atttgccgac 4260
taccttggtg atctcgcectt tcacgtagtg gacaaattct tccaactgat ctgcgcgega 4320
ggccaagcga tcecttettcett gtccaagata agcecctgtcta gettcaagta tgacgggcetyg 4380
atactgggcce ggcaggcgct ccattgccca gtcecggcageg acatcctteg gegcecgatttt 4440
gccggttact gegetgtace aaatgcggga caacgtaagce actacatttce gctcatcgece 4500
agcccagtceg ggcggcgagt tccatagegt taaggtttca tttagecgcect caaatagatce 4560
ctgttcagga accggatcaa agagttcctce cgccgctgga cctaccaagg caacgctatg 4620
ttctettget tttgtcagca agatagccag atcaatgteg atcgtggctg getcgaagat 4680
acctgcaaga atgtcattgc gcectgccattce tccaaattge agttcgcecget tagctggata 4740
acgccacgga atgatgtcegt cgtgcacaac aatggtgact tctacagcgce ggagaatctce 4800
gctetecteca ggggaagecg aagtttcecaa aaggtegttyg atcaaagectce gcecgegttgt 4860
ttcatcaagc cttacggtca ccgtaaccag caaatcaata tcactgtgtg gcecttcaggcece 4920
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gccatccact gecggagecgt acaaatgtac ggccagcaac gtcecggttcga gatggcgetce 4980
gatgacgcca actacctctg atagttgagt cgatactteg gcgatcaccg cttecctceat 5040
actcttectt tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata 5100
catatttgaa tgtatttaga aaaataaaca aatagctagc tcactcggtc ggagtgtata 5160
ctggcttact atggctgagt tgaaggatca gatcacgcat cttcccgaca acgcagaccg 5220
ttccgtggca aagcaaaagt tcaaaatcac caactggtcc acctacaaca aagctctcat 5280
caaccgtggce tccctcactt tetggctgga tgatggggceg attcaggcect ggtatgagtce 5340
agcaacacct tcttcacgag gcagacctca gcgctagegg agtgtatact ggcttactat 5400
gttggcactyg atgagggtgt cagtgaagtg cttcatgtgg caggagaaaa aaggctgcac 5460
cggtgcgtca gcagaatatg tgatacagga tatattccge ttcecctegcte actgactegce 5520
tacgcteggt cgttcgactyg cggcgagcgg aaatggctta cgaacggggce ggagatttcce 5580
tggaagatgc caggaagata cttaacaggg aagtgagagg gccgcggcaa agccgttttt 5640
ccataggctc cgcccccecetg acaagcatca cgaaatctga cgctcaaatce agtggtggeg 5700
aaacccgaca ggactataaa gataccaggc gtttcccect ggcggctceece tegtgegete 5760
tcetgttect gecttteggt ttaccggtgt cattceccecgetg ttatggccge gtttgtetca 5820
ttccacgect gacactcagt tecgggtagg cagttcgetce caagctggac tgtatgcacg 5880
aaccceecgt tcagtccgac cgctgcegect tatccggtaa ctatcgtcectt gagtccaacce 5940
cggaaagaca tgcaaaagca ccactggcag cagccactgg taattgattt agaggagtta 6000
gtcttgaagt catgcgccgg ttaaggctaa actgaaagga caagttttgg tgactgceget 6060
cctccaagece agttaccteg gttcaaagag ttggtagetc agagaacctt cgaaaaaccg 6120
ccetgcaagg cggtttttte gttttcagag caagagatta cgcgcagacce aaaacgatct 6180
caagaagatc atcttattaa ggggtctgac gctcagtgga acgaaaactc acgttaaggg 6240
attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa ttaaaaatga 6300
agttttaaat caatctaaag tatatatgag taaacttggt ctgacagtta ccaatgctta 6360
atcagtgagg cacctatctc agcgatctgt ctatttegtt catccatagt tgcctgactce 6420
ccegtegtgt agataactac gatacgggag ggcttaccat ctggccccag tgctgcaatg 6480
ataccgcgag acccacgctce accggctcca gatttatcag caataaacca gccagecg 6538
<210> SEQ ID NO 55
<211> LENGTH: 2856
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pUC19-sgRNA
<400> SEQUENCE: 55
tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accatatgceg gtgtgaaata ccgcacagat gegtaaggag aaaataccgce atcaggcgcece 240
attcgecatt caggctgege aactgttggg aagggcgate ggtgegggece tcttegetat 300
tacgccaget ggcgaaaggg ggatgtgetg caaggcgatt aagttgggta acgccagggt 360
tttcecagte acgacgttgt aaaacgacgg ccagtgaatt cgttttagag ctagaaatag 420
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caagttaaaa taaggctagt ccgttatcaa cttgaaaaag tggcaccgag tcggtgette 480
actcgagcca ggcatcaaat aaaacgaaag gctcagtcga aagactggge ctttegtttt 540
atctgttgtt tgtcggtgaa cgctctctac tagagtcaca ctggctcace ttcegggtggyg 600
cctttetgeg tttataaage ttggcgtaat catggtcata getgtttcect gtgtgaaatt 660
gttatceget cacaattcca cacaacatac gagccggaag cataaagtgt aaagcctggg 720
gtgcctaatyg agtgagctaa ctcacattaa ttgcgttgeg ctcactgecc getttccagt 780
cgggaaacct gtcgtgecag ctgcattaat gaatcggeca acgegcegggyg agaggeggtt 840
tgegtattgg gegetettee gettectege tecactgacte getgegeteyg gtegttegge 900
tgcggegage ggtatcagcet cactcaaagg cggtaatacyg gttatccaca gaatcagggg 960
ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg 1020
ccgegttget ggegttttte cataggctce gcccccecctga cgagcatcac aaaaatcgac 1080
gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg ttteccectg 1140
gaagctcect cgtgegetcet cctgttecga cecctgecget taccggatac ctgtceccgect 1200
ttctecectte gggaagegtyg gegcetttcecte atagctcacg ctgtaggtat ctcagttegg 1260
tgtaggtcgt tecgctccaag ctgggctgtg tgcacgaacc ccccgttcag cccgaccgcet 1320
gcgecttate cggtaactat cgtcecttgagt ccaacccggt aagacacgac ttatcgecac 1380
tggcagcagce cactggtaac aggattagca gagcgaggta tgtaggcggt gctacagagt 1440
tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt atctgcgcetce 1500
tgctgaagcce agttaccttc ggaaaaagag ttggtagcectc ttgatccggce aaacaaacca 1560
ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga aaaaaaggat 1620
ctcaagaaga tcctttgatc ttttctacgg ggtctgacgce tcagtggaac gaaaactcac 1680
gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc cttttaaatt 1740
aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct gacagttacc 1800
aatgcttaat cagtgaggca cctatctcag cgatctgtcect atttcgttca tceccatagttg 1860
cctgactecece cgtcegtgtag ataactacga tacgggaggg cttaccatct ggccccagtg 1920
ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca ataaaccagc 1980
cagccggaag ggccgagcegce agaagtggtce ctgcaacttt atccgectecce atccagtcta 2040
ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg cgcaacgttg 2100
ttgccattge tacaggcatc gtggtgtcac gctegtegtt tggtatgget tcattcaget 2160
ccggttecca acgatcaagg cgagttacat gatcccccat gttgtgcaaa aaagcggtta 2220
gctecttegyg tectecgate gttgtcagaa gtaagttgge cgcagtgtta tcactcatgg 2280
ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatge ttttetgtga 2340
ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg agttgctcett 2400
gcceggegte aatacgggat aataccgcge cacatagcag aactttaaaa gtgctcatca 2460
ttggaaaacg ttcttcgggg cgaaaactct caaggatctt accgctgttg agatccagtt 2520
cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttacttte accagcegttt 2580
ctgggtgage aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagyg gcgacacgga 2640
aatgttgaat actcatactc ttccttttte aatattattg aagcatttat cagggttatt 2700
gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata ggggttccgce 2760
gcacatttecc ccgaaaagtg ccacctgacg tctaagaaac cattattatc atgacattaa 2820
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cctataaaaa taggcgtatc acgaggccct ttegtce 2856
<210> SEQ ID NO 56
<211> LENGTH: 1473
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl0049
<400> SEQUENCE: 56
atgactatta atgtctccga actacttgec aaagtcccca cgggtctact gattggtgat 60
tcetgggtgg aagcatccga cggcggtact ttegatgtgg aaaacccage gacgggtgaa 120
acaatcgcaa cgctegegte tgctacttcee gaggatgcac tggctgetet tgatgetgea 180
tgegetgtte aggcecgagtyg ggctaggatg ccagegcegeyg agegttctaa tattttacge 240
cgeggttttyg agetegtage agaacgtgca gaagagtteg ccaccctcat gaccttggaa 300
atgggcaagce ctttggctga agctcgegge gaagtcacct acggcaacga attcctgege 360
tggttectetyg aggaagcagt tcgtctgtat ggecgttacyg gaaccacacc agaaggcaac 420
ttgcggatge tgaccgecct caagccagtt ggeccgtgece tectgatcac cccatggaac 480
ttcccactag caatggctac ccgcaaggtce geacctgega tegetgcagyg ttgtgtcatg 540
gtgctcaage cagctcgact taccccgetg acctcececagt attttgetca gaccatgett 600
gatgccggte tteccagcagg tgtcectcaat gtggtcecteceg gtgcttecge ctetgcegatt 660
tccaacccga ttatggaaga cgatcgectt cgtaaagtet ccttcaccegyg ctccacccca 720
gttggccage agctgctcaa aaaggctgcce gataaagttce tgcgcacctce catggaactt 780
ggtggcaacyg cacctttcat tgtcttcgag gacgccgace tagatctege gatcgaaggt 840
gecatgggty ccaaaatgceg caacatcggce gaagcettgca ccgcagcecaa cegtttcetta 900
gtecacgaat cegtegcecga tgaattcegge cgtegetteg ctgccegect tgaagagcaa 960
gtectaggea acggectcga cgaaggcgtce accgtgggece cectggttga ggaaaaagea 1020
cgagacagcg ttgcatcget tgtcgacgcce gcegtcecgecg aaggtgccac cgtcectcacce 1080
ggcggcaagyg ccggcacagg tgcaggctac ttctacgaac caacggtget cacgggagtt 1140
tcaacagatg cggctatcct gaacgaagag atcttcggtce ccgtcgcacce gatcgtcacce 1200
ttccaaaccyg aggaagaagc cctgcgtceta gecaactcca ccgaatacgyg actggectcee 1260
tatgtgttca cccaggacac ctcacgtatt ttcecgecgtet ccgatggtet cgagtteggce 1320
ctagtgggcg tcaattccgg tgtcatctct aacgctgcetg caccttttgg tggcgtaaaa 1380
caatccggaa tgggecgcga aggtggtetce gaaggaatceg aggagtacac ctcegtgcag 1440
tacatcggta tccgggatcce ttacgcecgge tag 1473
<210> SEQ ID NO 57
<211> LENGTH: 1515
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl0l57
<400> SEQUENCE: 57
atgtctgaac cacaaaccat ctcgcactgg attgacggeg cgatttccee atccacttcee 60
ggcaagaccyg ctectgtcta caatcctgca actggecagg tcaccgcecaa tgttgcegetg 120
gctagcecagyg aagagatcga tgccaccatc gettcetgeca ccaaggetge taagacgtgg 180
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ggcaacctgt ctatcgctaa gcgecaagcet gtgcettttca acttcegtga getgetgaat 240
gctegcaagyg gtgagetgge ggagatcatce actgcagage acggcaaggt cttgtccgat 300
gecatgggty aaatcctgeg cggecaggaa gtegtggage ttgctaccegg ttteccacac 360
ctgcttaaag gtgcgttcaa cgagaacgtce tccaccggea ttgatgtgta ttcecttgaag 420
cagccactgg gtgttgtegg tatcatcage cegttcaact tceectgcegat ggtgecgatg 480
tggtttttee caatcgcaat cgctgcagge aacgcagtta ttttgaagece ttcagagaag 540
gatccttegy cagegetgtg gatggetcag atctggaagg aagctggtet tecagacgge 600
gtattcaacyg tgctccaggg cgacaagcetg getgttgatg gtttgctgaa cagecctgat 660
gtetetgega tttecttegt gggttccace ccaatcgcaa agtacatcta cgagacttec 720
gcgaagaacyg gcaagcgcegt ccaggegttg ggcggegcega agaaccacat getggtgetg 780
ccagatgcetg atctggatct ggttgecgat caggcaatca acgcaggtta cggegetgece 840
ggtgagegtt gecatggetgt ttcetgtggte ttggctattg aatctgttge cgacgagetce 900
attgagaaga tcaaggagcg catcgacacc ctgcgcateg gcaacggtge cggcgacgag 960
cagggcgage cgcacctggg cccactaatce accgacgtece accgcgacaa ggtcegettet 1020
tatgtcgaca tcgctgaggc cgacggcgcce aagatcatcg tggacgggceg taactgcgcece 1080
gtagacgggc acgaggaggg cttettcette ggccctacge ttatcgacga catcccactce 1140
acgtccegeg cctacaccga agaaatctte ggecccggtece tetcetgtcegt tegtgtegea 1200
tcettecgacg aggcaattga gcectgatcaac tccggtgaat tcggcaacgg aaccgcaatce 1260
ttcaccaacg atggtggagc ggcacgccgce ttceccagcatg agatcgaagt gggcatgatce 1320
ggcatcaacg taccaatcce agtgcctgtt gecgtaccact cctteggtgg ttggaagaac 1380
tcectetteg gtgacgccaa ggcatatgge actcaaggtt ttgatttctt caccagggaa 1440
aaggcgatca ccagccgttg gectcgaccca gcaacccacg gtggcattaa cctecggttte 1500
ccacagaacg attaa 1515
<210> SEQ ID NO 58
<211> LENGTH: 1035
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl0248
<400> SEQUENCE: 58
atgaccacca tcgcagttgt tggtgcaacc ggecaggteg gcecaggttat gcegcaccctt 60
ttggaagagc gcaatttccce agctgacact gttegtttet ttgcttcecece acgttcecgea 120
ggcegtaaga ttgaattceg tggcacggaa atcgaggtag aagacattac tcaggcaacce 180
gaggagtccee tcaaggacat cgacgttgeg ttgttcectceg ctggaggcac cgcttccaag 240
cagtacgcte cactgttecge tgctgcagge gegactgttyg tggataacte ttetgettgg 300
cgcaaggacg acgaggttcce actaatcegte tcetgaggtga acccttcecga caaggattce 360
ctggtcaagg gcattattgce gaaccctaac tgcaccacca tggctgcgat gccagtgcetg 420
aagccactte acgatgeccge tggtcttgta aagcettcacyg tttectctta ccaggetgtt 480
tceggttetyg gtettgecagg tgtggaaacce ttggcaaage aggttgctge agttggagac 540
cacaacgttg agttcgtcca tgatggacag getgctgacyg caggcgatgt cggaccttat 600
gtttcaccaa tcgcttacaa cgtgetgcca ttegecggaa acctcegtega tgacggcace 660
ttcgaaaccyg atgaagagca gaagctgege aacgaatccece gcaagattcet cggtctecca 720
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gacctcaagyg tctcaggcac ctgegtecege gtgcecggttt tcaccggeca cacgetgacce 780
attcacgceg aattcgacaa ggcaatcacce gtggaccagyg cgcaggagat cttgggtgece 840
gecttcaggeyg tcaagettgt cgacgtccca accccacttg cagetgecgg cattgacgaa 900
tcectegttyg gacgcatcceg tcaggactee actgtcgacyg ataaccgegyg tetggttete 960
gtcgtatetyg gecgacaacct ccgcaagggt gcectgcgctaa acaccatcca gatcgctgag 1020
ctgctggtta agtaa 1035
<210> SEQ ID NO 59
<211> LENGTH: 1563
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl0437
<400> SEQUENCE: 59
atgatcaccg caaccgcact gcatgggtgt tcactgattg atggcgagtyg ggtcgetgga 60
aaaaatggtg agattacagg attcgatccg cgcaccaatyg cgagtctgaa cccttectac 120
tctttagcaa acagcgcaca getgcgegece gecacaacat cggcgaageyg agcettttgaa 180
agctaccgac tcactactcc agaggttaga gcagatttece tggattccat cgctgacaac 240
atcgatgcege tatccggcga gatcgtgcaa cgggcgagece tggagacagyg tttgggaact 300
acccgactca caggcgaagt agcccgcacce agcaaccage tcecgectgtt tgcagaaacce 360
gtgagaagcyg gacagttcca ccgagtacgce attgaacgag gaccgcggat tgatcttege 420
cagcgtcagg ttcegttggg accagtegeg gtattegggg caagcaactt cccegteget 480
ttctetactyg ctggtggcega tacagcatca gegttggetyg caggetgece tgtggttttt 540
aaggcgcata atgcgcacce tggaacaget gagetegteg ggcaageggt gceggggagece 600
gtecgaaaage atgagtttga tgctggtgtg tttaaccttg tctacggecyg tggegtggaa 660
attggccagg agctggetge ggatccgaat atcacggcaa teggttttac cggttcacge 720
cagggtggtt tggcactgtc acagactgeg tttagccgece cagttccegt tccagtettt 780
gcagaaatga gtgccaccaa ccctgtgtte gtettecceyg gegegetgge ggatttggat 840
gcatcgagtt ccttggctga ggcgtttace gettceegtca ceggcagttce cgggcaattyg 900
tgcaccaagce ctggectegt tttcatecceg cgeggtgttyg ttggtgatge ttttgtggeg 960
ctcgtagcag ccaaatttaa agaaaccacg ggtcaaacga tgctcacgca aggcatcgcet 1020
caggcatgge agcgeggagt cgacaacctt gecagcacage caagtgtaaa aatcctcgece 1080
caaggcacce ccggagatgg agagaacgceg cegggceccegyg tggtgtttga aagtgatgtg 1140
caggcgttge taaataatgt ggtgttgcag gaagaaatct tecggtgcgge atcgetggtg 1200
gtgcgttatg attccccgga tcaactccac caagtagcca attcactcga gggacaatta 1260
acagccacga tccacgcatc ccaggatgat ttccaggaag tctcgaaact tatcccccte 1320
ttggaggatc tcgcgggeceg tgttcetttac ggecggctgge caacgggtgt ggaagttggg 1380
cacacggtta tccatggagg cccttatccg gcgacctcaa atgcgcagtce gacaagtgtt 1440
ggaaccctgg caatcgagag atttatgecge ccggtttctt atcaaacttt cccggctgag 1500
ctgcttcecag atccagttte tgaggcgaat aaatgggcetg tacctcggga aatagaccgt 1560
taa 1563

<210> SEQ ID NO 60
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<211> LENGTH: 1362

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NCgl0463

<400> SEQUENCE: 60

gtgtctttga cctteccagt aatcaaccce agcegatgget ccaccatcac cgagetagaa
aaccacgatt ccacccagtg gatgtcegeg ctetetgatg cagttgcage tggtecttca
tgggctgega aaactccceg cgaaagatce gtggtactca cegcaatcett cgaagcactg
accgaacgceg cccaagaact tgcagagatce atccacctgg aagetggaaa atccgttgca
gaagctcttyg gtgaagtcge ttatggtgca gaatacttee gttggtttge ggaagaagea
gtgcgectge ccggecgeta cggacagtca ccttecggaa teggtcacat cgecgtcace
cgegeacceg tgggaccagt getggegate accccatgga atttceccat cgecatggece
acccgcaaaa tcgecccage cctggecget ggttgecceg tgttggtgaa acctgettece
gaaaccccac tgaccatggt caaagtgggyg gagatcatcg ccteegtett tgataccttt
aatatcccge agggcttggt ctcaatcate accaccacte gagatgcaga gctatcggca
gaactcatgg ctgatccteg cttggctaaa gtcaccttcea ctggatcaac caacgtggga
cgcatectgyg tccgecaate cgecggaccga ctgctgegea cetecatgga actceggegga
aatgcagett ttgttatcga cgaagccgca gacctegacg aagecgtate cggtgcecate
gecgcaaaac tccgcaacge cggcecaagta tgcatcgcag ctaaccgttt cttggtteat
gaatccegeg ctgccgaatt cacctcaaag ctggcgacag ccatgcagaa cactcccatt
gggceggtga tttetgeceg ccaacgcegac cggatcgcag cactagtgga tgaagecatc
accgacggeg cccgectecat catceggtggg gaggtccceg acggcetcegg cttettetat
ccagccacca tcttggecga tgtcecctgea cagtcacgga ttgtgecatga ggaaatctte
ggacctgtgg ccaccattge cactttcace gacttggeceg aaggcgttge acaagcaaat
tccaccgaat tcggectege agectacgga ttcagcaaca atgtgaaage aacacagtac
atggcggaac acttggaage cggaatggte ggaatcaaca gaggcgccat ctcetgaccca
gecagcacctt ttggeggcat cggacaatce ggctteggca gagaaggegyg aaccgaagga
atcgaagaat atctcteegt gegttaccte getttgeegt ga

<210> SEQ ID NO 61

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NCgl0521

<400> SEQUENCE: 61

ttggaaagtt ccaattctca ggcacaggga cgtgeggaca gaattctega ttcagecttg
aaagaaggcg cttcaatagt tgttgatgge cgtacagctce gagaatttca gatggacatce
gaagtcggaa tggttggcat taacgtgcca atcccagtcece caattggege tttetcattt
ggaggttgga aagactcact attcggagac acacacatgt atggatctga gtctttcaac

ttctatacce gaagcaaggt ggttaccact cgetggecte ttccaaatga atcacagatt

gagcttgget tccccaccca ctaa

<210> SEQ ID NO 62
<211> LENGTH: 1494
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl0523
<400> SEQUENCE: 62
atgaatgctg caaccaggcg tgcttctetg caactccect atacccatgt cgatgattte 60
tacatcaacg gttcctgggt taaagcagaa ggaacacaac gcaaccccegt agttgatcct 120
geggteggte aagaatgggg atctgttcca gaagcaaccg catctgaatt ggactctgeg 180
gtgggagcetyg cacgtacage gctaaagtceg tggagtgcac ttacaggtgc ggaacgaaca 240
ggctacctece tgaaaatcge gacggaaatt gaatccegtt ctgaagetcet agcacttact 300
aatacccgeg aaaatggttc ccccatttee gagaccegtyg gagetgegte caatgcagca 360
ggaattttece gttactttge cactctegeg ccttggttag acggcgaaga catccgecca 420
ttteectgeeg gtagegecga atccategtg gataaagatce ccatceggtgt ctgegeacte 480
atcgecccat ggaatttcce gatcaacctt gtagtcatca aactggcacce agcacttett 540
geeggetgta cegtcatcat caaaccagcece tcccccacce cactgtegat cegtttcatce 600
atcgaagcca tcgaagecge cggagtgeca gecaggcgtag tcaacctact caccggttca 660
gggegttteg gtgatgccct tgtccgecac cccggagtag acaaggtage gtttaccgga 720
tcaacgcctyg ttggaaagaa gatcgctgece gectgceggag aactactcecyg accagtgact 780
ttagagctag gcggaaaatc ttccgegatt atccttectyg atgcagacat gtcagtacte 840
tcgacgeggt tgattcgatce ctgtatgege aacactggac aaacctgcta catcagtace 900
cggattattg cccctagetce acgctatgeg gaagtcgtac aaacagtgge aagcactate 960
gctgcaggta gacaaggtga ccectatgat gaagaaacgg tttttgggcec agttgccage 1020
gcctetcagt actcaaccgt catgtcttac attgactceg cacgagagga aggtgcacga 1080
gtggttgcag gtggaacccg gtcaatcage ctttctgaag gtttagaatc aggcgagttt 1140
atccaaccaa ccgtgtttge cgatgtcacce cccgacatgce ggatatcacg cgaagaaatc 1200
ttecggeectg ttatttccat cctaaagtac gacgatacaa acggtgtttce cgaagcaatc 1260
gcactagcca acaacacgaa attcggtcectce ggtggcecttgg tatttggtgce ggatgaggaa 1320
caagcactag aagtcgccceg tcaagtggat tctggttecg taggcatcaa cttetteggt 1380
tccaaccatt ccgcecccatt tggaggacgce cacgaatccg gtatgggagt ggaatacggce 1440
atcgaaggcce tcagtgctta cctgacatac aagagtattc accgaaccat ttag 1494
<210> SEQ ID NO 63
<211> LENGTH: 1443
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl0900
<400> SEQUENCE: 63
atgacgcaca accacaagga ctggaacgat cgcattgcag ttgcggagga aatggtgccg 60
ttgatcggge gcctgcaccg caacaacaac gtggtggttt cegtattegg tegtetectt 120
gtgaatgtct cagacatcga tatcatcaag tctcaccget acgcccgeca catcatatcce 180
aaggaacttc cactggaaag ctccttggat attttgegeg aactggtaga tatgaacctt 240
ggtaccgcat cgatcgacct gggacagetg gectacaget tcgaagaatc cgaaagcacce 300
gacctgegtyg ccttectgga ggacgetete gegecggtcea ttggtgegga aaccgacatce 360
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aacccaactg atatcgtgct gtacggttte ggecgcateg gtegectget ggceccgeate 420
ctggtttcece gegaggcact gtatgacggt getegtcetge gegecategt ggtcecgcaaa 480
aatggtgaag aagacctggt caagcgegcea tecttgetge gtegtgatte tgtccacggt 540
ggattcgatyg gcaccatcac caccgattat gacaacaaca tcatctgggce caacggcacce 600
ccaatcaagg tcatctactc caatgaccca gecaccattg attacaccga atacggcatce 660
aatgacgceg tcegtggtaga caacaccgge cgetggegtyg accgcgaagyg cctgtceccag 720
cacctcaagt ccaagggcgt tgccaaggtt gtactcaceyg cgecgggcaa gggcgatctg 780
aagaacatcg tgtacggcat caaccacacc gacatcaccyg cagatgatca gatcgtttce 840
gcagcatcat gcaccaccaa tgccattacc ccagtgctca aggtgatcaa tgatcgctac 900
ggcgtggaat teggccacgt agaaaccgtt cactccttca ccaatgacca gaacctgatce 960
gacaacttcc acaagggttce tcgecgtggt cgcgcagcag gtctgaatat ggttctcacce 1020
gaaaccggeyg ctgcaaagge tgtatccaag gegcttecag agctggaagg caagctcacce 1080
ggcaatgcca tccgegttcee tacccctgac gtgtccatgg ctgtgctcaa cttgaccectg 1140
aacacggagg tggaccgcga tgaggtcaac gagttcctecce gecgtgtgte cctgcactcet 1200
gacttgcgec agcaaatcga ctggatccgt tccccagagg ttgttteccac tgacttegtg 1260
ggcaccacce acgcgggcat cgttgatggt ctagccacca tcegcaaccgg tegecacctg 1320
gtgctttacg tgtggtacga caacgagttc ggctactcca accaggtcat tcgcatcgte 1380
gaggagatcyg ccggegtgeg tcectegegtg tacccggage geaggcagec agecgtacta 1440
tag 1443
<210> SEQ ID NO 64
<211> LENGTH: 1005
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgll526
<400> SEQUENCE: 64
atgaccattc gtgttggtat taacggattt ggccgtateg gacgtaactt cttecgegea 60
gttetggage gcagcgacga tctcgaggta gttgcagtca acgacctcac cgacaacaag 120
acccttteca cccttetcaa gttcgactee atcatgggece gecttggeca ggaagttgaa 180
tacgacgatg actccatcac cgttggtgge aagcgcateg ctgtttacge agagcgcgat 240
ccaaagaacc tggactgggc tgcacacaac gttgacateg tgatcgagtce caccggette 300
ttcaccgatg caaacgcggce taaggctcac atcgaagcag gtgccaagaa ggtcatcate 360
tcegeaccag caagcaacga agacgcaacce ttegtttacyg gtgtgaacca cgagtcctac 420
gatcctgaga accacaacgt gatctccgge gcatcttgca ccaccaactg cctegcacca 480
atggcaaagg tcctaaacga caagttcgge atcgagaacyg gcectcatgac caccgttcac 540
gcatacactyg gcgaccageg cctgcacgat gcacctcace gegacctgeg tegtgcacgt 600
gcagcagcag tcaacatcgt tcctacctcece accggtgcag ctaaggetgt tgetetggtt 660
ctecccagage tcaagggcaa gettgacgge tacgcactte gegttcecagt tatcaccggt 720
tcegeaaceg acctgacctt caacaccaag tctgaggtceca cegttgagte catcaacget 780
gcaatcaagyg aagctgcagt cggcgagttc ggcgagaccce tggcttactce cgaagagceca 840
ctggtttceca ccgacatcegt ccacgattce cacggctceca tcettegacge tggectgace 900
aaggtctceg gcaacaccgt caaggttgtt tectggtacyg acaacgagtyg gggctacace 960
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tgccagetee tgcegtetgac cgagetegta gettecaage tctaa

<210> SEQ ID NO 65

<211> LENGTH: 1299

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NCgl2272

<400> SEQUENCE: 65

atgagttcaa cgaccctaac tgatgaccaa attcgcgaca atgageggac cgaagttcta
gctaaagcaa ctgcagctaa gaacatcgte ccggatattg cagtgttggg caccggacceg
aagaacgcaa tcctgegtge ggcggcagat gaactegttg cacgcagege agaaatcatce
gaagccaacg cttccgatat cgaagegggt cgcegcaaacg gcatggaaga atccatgatt
gatcgecttyg ccecttgatga atctcgeatt gagggcateg ctggeggttt gegecaggtt
getggectga ccgacccagt gggtgaagta ctgcgeggac atgtcatgga aaacggeatt
cagatgaagc aggtcegtgt gectttggge gtgatgggea tggtctatga ageccgecct
aacgtcaccyg tcgacgectt cggectggea ctcaagteeg gaaacgtage tttgetgege
ggttccteca cagctgtgeca ttccaacace aagctegtgg aaatcctgea ggacgtecte
gagcegttteg agetgccacg cgaaaccgtyg cagttgetge cttgccaaac ccgeggatec
gtccaagatt tgatcaccge acgeggecte gttgacgtgg tcatcccacyg cggeggegea
ggactaatca acgcagtggt caccggtgeg accgtgccca ccattgaaac cggcaccgge
aactgccact tctacatcga tgccgaagece aagcttgatce aggcaatege catggtcate
aacggcaaga cccgecgetg cagegtgtge aacgetactg aaaccgeget tcetcegacgece
gecctecageyg actcagacaa gettgcagte gtccaggege tccaggaage aggagtcaca
attcatggac gggtggccga attggaagca tteggtgcaa cegacgtggt ggaagcaact
gaaactgact gggattctga gtacctgtce ttcgatateg ctgtegetgt ggttgacggt
gtggatggag ctctggcaca catcgctaag tacagcacca agcacaccga agegategec
acccaaaaca ttgaaaccge tcagegettt gecagategeg tegatgcage ageggtgatg
ataaacgcat ccaccgecta caccgatggg gagcagtacg geatgggege ggagatcegge
atttccacce agaaactgca tgcacgtgga ccaatggecece tgccagaget gacctccacce
aagtggattc tgcagggcac aggacaaatt aggecttaa

<210> SEQ ID NO 66

<211> LENGTH: 1455

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NCgl2578

<400> SEQUENCE: 66

gtgactgcaa catttgctgg aatcgacgcce accaaacacc tcatcggagyg tcagtgggtg
gagggaaact cggatcgaat ttccaccaat atcaatcctt acgacgattc cgtaategec
gaaagcaaac aagcttccat tgctgatgtt gatgccgegt atgaagccge gaagaaggec
caggctgagt gggcagctac geccgetgeg gaacgatctg ccatcatcta cegtgegget

gaacttcttyg aagagcaccg ggaggaaatc gtggaatgge tgatcaagga atccggeteg

acgcgttoca aggctaattt ggaaatcact ttggcaggaa acatcactaa agaatcggcet
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tcattccetyg gtcegtgtgca tggtcgaatt tetecttega atactccggyg caaagaaaac 420
cgtgtgtace gcegtagecaa gggcgttgte ggagtgatta gtcecatggaa ttteccactg 480
aacctctega tccgeteggt tgctceeggea ctagecegtgg gcaacgceegt agtgattaag 540
cctgegagtyg ataccccagt tactggtggt gtaattcectyg cacgaatctt tgaggaggece 600
ggagttcectyg caggcgtgat cagcacggtt gegggegcag gatctgaaat cggtgatcac 660
tttgtcacce acgcegtgcce aaagctgatt tetttcaceg gttcaaccece agtceggtegt 720
cgtgteggtyg agctggcaat taatggtgga ccaatgaaaa ctgttgcact agagetcggt 780
ggcaacgcege cgttegttgt gettgecgac gecgacatceg acgccgetge ccaggcetgece 840
gcagttggeyg ctttectaca ccagggacag atttgtatgt caatcaaccg agtcattgtt 900
gatgctgcayg ttcatgatga attcctagag aagttegttg aagcagtgaa gaacattcca 960
accggcgatce caagcgcaga aggaaccctt gttggacctg tcattaatga cagtcagcectce 1020
agtggtttga aggaaaagat cgagttggcc aaaaaggaag gcgcaaccgt ccaggttgaa 1080
gggccaattyg aaggccgact ggttcatccg catgtgttet ctgatgtcac ctctgacatg 1140
gaaatcgcte gtgaggaaat cttcecggacct ctcatcageg tgctgaaggce cgatgatgag 1200
gcacacgcag cagagctggce caatgcttcce gactttggtt tgagcgcggce agtgtggtceg 1260
aaggatattg atcgtgcagc ccagtttgct ctgcagattg attccggcat ggttcacatc 1320
aatgacctca ccgtcaacga tgaaccacac gtgatgttcg gtggttcaaa gaactctggce 1380
ctecggeeget tcaacggcega ttgggcgatce gaggagttca ccacagatcg atggatcggce 1440
atcaagcgca gctaa 1455
<210> SEQ ID NO 67
<211> LENGTH: 1566
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl2619
<400> SEQUENCE: 67
atgatcaaac gtcttecttt aggtcegetg cctaaagaac ttcatcagac tctgettgat 60
ctgaccgcaa atgcccaaga tgcggcgaaa gtggaggtta tagegccatt tactggcgag 120
acccteggat ttgtttttga tggtgatgag caagacgteg agcatgettt tgcactttca 180
agggcagccece agaaaaagtg ggtgcacacc acggcagtgg aacggaagaa gatcttcectg 240
aagtttcatg atctggtatt gaaaaaccgt gagctgctca tggacatcgt gcagttggaa 300
acaggcaaaa atcgagcatc ggctgccgat gaggtgttgyg acgttgcgat caccacccge 360
ttctacgcaa acaatgcagg aaagttttta aatgacaaga aacgcccegyg cgcgettcecg 420
atcatcacga aaaacacaca acagtatgtg cccaagggag tggtcgggca gatcacgccg 480
tggaattacc ctttaacttt gggagtatct gatgctgtte cggegctget ggcaggaaac 540
gcagtggtygyg ctaaacctga cctegegaca cctttetect gettgatcat ggtgcacctg 600
ctcattgaag ccggtetgcee gegtgatttg atgcaggttyg tcaccggece tggegatatt 660
gttggceggty cgattgcage tcagtgtgat ttcctcatgt tcactggatc cacggccacy 720
ggceggatet tgggtcggac aatgggtgag cgtttggtgg gtttcetetge ggaattagge 780
ggaaagaacc ctcttattgt ggccaaggat gcagatctgg acaaggtgga agctgagett 840
ccgcaggegt gtttttecaa ctceggggeaa ttgtgtgtet ccactgaacyg tatttatgte 900
gaggaagacyg tgtacgagga ggtgattgca cggtttagca aggcggcgaa agccatgtcece 960
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attggtgcecg gatttgagtyg gaaatatgag atgggttcegt tgatcaatca ggcgcagcetg 1020
gatcgggtga gcacctttgt tgatcaggct aaagctgcgg gcgccacggt gctgtgeggt 1080
ggcaagtcac gccctgatat tggtccctte ttctatgage ccacggtatt ggcggatgte 1140
ccagagggca ccccactgcet cacggaggaa gtcttcecggge cggtggtgtt catcgaaaag 1200
gtagccacac tggaagaagc cgtcgataag gcaaatggca cgccctacgg cctgaatgeg 1260
tcegtetttg ggtcecgtcgga aaccggcaat cttgttgcag geccagctgga agctggeggt 1320
atcggtatta atgatggcta cgccgcgacg tgggcgagceg tgtccacgece tetgggtggce 1380
atgaagcagt cggggcetggg gcaccgecat ggtgcggagyg gaattacaaa atatgcggag 1440
atccgaaaca tcgcggagca gegcetggatg tcetatgegtyg ggecggcecaa aatgecgcga 1500
aaggtgtact cagacaccgt ggccacagcg ctaaagctgg gcaaaatctt taaagttttg 1560
ccgtag 1566
<210> SEQ ID NO 68
<211> LENGTH: 1521
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NCgl2698
<400> SEQUENCE: 68
atgactgtct acgcaaatcc aggaaccgaa ggctcgateg ttaactatga aaagcgctac 60
gagaactaca ttggtggcaa gtgggttcca ccggtagagg gccagtacct tgagaacatt 120
tcacctgtca ctggtgaagt tttctgtgag gtegcacgtyg gcaccgcage ggacgtggag 180
cttgcactgg atgctgcaca tgcagecget gatgegtggg gcaagactte tgtcegetgaa 240
cgtgetetga tectgecaccg cattgeggac cgcatggaag agcacctgga agaaatcgca 300
gttgcagaaa cctgggagaa cggcaaggca gtccgtgaga ctettgetge agatatccca 360
ctggcaatceg accacttcceg ctactttget ggegegatee gtgctcagga agatcgttcee 420
tcacagatcg accacaacac tgttgcttac cacttcaacyg agccaatcgyg tgttgttggt 480
cagatcattc cttggaactt cccaatccte atggctacct ggaagctege accggeactt 540
gctgcaggta acgcgatcgt catgaagcca getgagcaga ccccagcatce cattttgtat 600
ctgattaaca tcatcggcga tctcatccca gagggcegtece tcaacatcegt caacggacte 660
ggcggtgaayg caggcgctge actgtccgge tctaatcgga ttggcaagat tgetttcacce 720
ggttccaceyg aggtcggcaa gctgatcaac cgcgctgcat ccgacaagat cattcctgte 780
accctggage tceggeggtaa gtccccatcece atettettet cegatgttet gtcacaggat 840
gacgcctteyg cagagaaggce agttgaaggce ttcgcgatgt tegccctcaa tcagggtgaa 900
gtttgtacct gtecttceceg tgcacttgtt catgagtcca tegctgatga attcctcgag 960
cttggcgtga agcgagttca gaacatcaag ctgggtaacc cacttgatac tgaaaccatg 1020
atgggtgctc aggcgtccca ggagcagatg gacaagatct cctcectacct gaagatcggce 1080
ccagaagaag gcgctcaaac cctcactggt ggcaaggtca acaaggttga tggcatggag 1140
aacggttact acattgagcc aaccgttttce cgcggcacca acgacatgag gatcttceccecgce 1200
gaggaaatct tcggaccagt cctttcectgtt gectaccttca gcecgacttcga tgaggccatce 1260
cgtattgcaa acgacaccaa ctacggcctce ggegctggtg tctggagceg tgaccaaaac 1320
accatttatc gtgcaggtcg cgcaatccag gctggtcgag tttgggtcaa ccagtaccac 1380
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aactacccag cgcactcege tttecggtgga tacaaggagt ccggcatcgg ccgtgagaac 1440

cacctcatga tgctgaacca ctaccagcag accaagaacc tgttggtctce ctacgatcca 1500

aacccaaccg gactgttectg a 1521
The invention claimed is: promoter selected from the group consisting of tac, trc and
1. A mutant Corynebacterium glutamicum cell that has 10 tuf,

been genetically modified by (i) introducing the E. coli glpF 3. A method of producing 1,3-propanediol (1,3-PDO)

gene, the E. coli glpK gene, the E. coli glpD gene, the E. coli

yghD gene, and the K. preumoniae pduCDEG operon, and from glycerol comprising:

(ii) disrupting an endogenous gene encoding an aldehyde (a) culturing the mutant Corynebacterium glutamicum
dehydrogenase that comprises comprising a nucleotide 15 cell according to claim 1 in a glycerol-containing
sequence selected from the group consisting of SEQ ID NO: medium to produce 1,3-PDO; and

56, 57, 59, 60, 61, 62, 63, 65, 66, 67, and 68. .
2. The mutant Corynebacterium glutamicum cell accord- (b) collecting the produced 1,3-PDO.
ing to claim 1, wherein said genes comprise a strong ¥ % % % %



